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ABSTRACT

Laundry detergent compositions containing no or low
levels of phosphate materials and specific mixtures of
selected cationic surfactants, preferably having reduced
cationic monomer concentrations of from about 0.005
to about 0.2, are disclosed. These compositions are un-

usually effective in removing particulate soils from

fabrics. A process for laundering fabrics using these
compositions 1s also disclosed. |

48 Claims, No Drawings
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LAUNDRY DETERGENT COMPOSITIONS
HAVING ENHANCED PARTICULATE SOIL
REMOVAL PERFORMANCE

CROSS REFERENCE TO RELATED
APPLICATIONS '

This application is a continuation-in-part of co-pend-
ing application Ser. No. 852,428, John Robert Cockrell,
Jr., for LAUNDRY DETERGENT COMPOSI-

2
conventional laundry detergent compositions. In addi-
tion, the compositions inhibit the transfer of dyes, soften
and control static through the washing and drying oper-
ations. Further, by selecting the preferred cationic com-
ponents defined in this application, the compositions

- additionally - provide biodegradability and excellent

removal of greasy and oily soils, while also providing,

"in a single detergent product, particulate soil removal,

- fabric softening, static control and dye transfer inhibi-

10

TIONS HAVING ENCHANCED PARTICULATE

SOIL REMOVAL PERFORMANCE, filed Nov. 17,

1977, which is a continuation-in-part of co-pending
application Ser. No. 811,221, John Robert Cockrell, Jr.,
for LAUNDRY DETERGENT COMPOSITIONS
HAVING ENHANCED PARTICULATE SOIL RE-
MOVAL PERFORMANCE, filed June 29, 1977 all of

sald applications are now abandoned.

TECHNICAL FIELD

This invention relates to Jaundry detergent composi- -

15
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tion benefits to the laundered fabrics. The cleaning
performance, which 1s superior to that previously dem-
onstrated, is the result of a heretofore unrecognized
cleaning potential of certain selected cationic surfac-
tants when used in the presence of certain selected non-
ionic surfactants under the conditions specified herein.
It 1s an object of this invention to provide laundry
detergent compositions which yield outstanding partic-
ulate soil removal, and which also provide fabric soften-
ing, static control and dye transfer inhibition benefits.
It is another object of this invention to provide laun-

- dry detergent compositions, yielding excellent particu-

tions containing no or low levels of phosphate materi-

als, which exhibit highly improved particulate soil re-
moval capabilities. These detergent compositions pro-
vide surprisingly effective clay soil removal perfor-

mance even in the absence of detergency builders. Simi-

lar compositions which utilize mixtures of selected non-
ionic surfactants and selected cationic surfactants and
which give unexpectedly good removal of greasy/oily
and body soils are defined in concurrently filed U.S.

patent application Ser. No. 919,181, Murphy, incorpo- '

rated herein by reference.

BACKGROUND ART

Nonionic surfactants are generally used in laundry
detergent compositions for their ability {o remove
greasy and oily soils. Cationic surfactants have also
been used 1n detergent compositions, primarily to pro-
vide adjunct fabric care benefits, and not for the pur-

late soil removal, which may be used in a variety of

- physical forms, such as liquid, solid, paste, granular,

23
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powder, or in conjunction with a carrier such as a sub-
sirate. - | -
It is a further more specific object of this invention to
provide specific detergent compositions which yield
excellent partlculate soil removal and which are biode-
gradabla

It 1s a still further specific object of this invention to

- define specific novel cationic surfactants which are

35

pose of cleamng Certain cationic surfactants have been 40

included in detergent compositions for the purpose of
yielding a germicidal or sanitization benefit to washed
surfaces; see, for example, U.S. Pat. No. 2,742,434,
Kopp, issued Apr. 17, 1956; U.S. Pat. No. 3,539,520,
Cantor et al, 1ssued Nov. 10, 1970; and U.S. Pat. No.
3,965,026, Lancz, issued June 22, 1976. Other cationic
surfactants, such as ditallowalkyldimethylammonium
chloride, are included in detergent compositions for-the
purpose of yielding a fabric-softening benefit, as dis-
closed in U.S. Pat. No. 3,607,763, Salmen et al, issued
Sept. 21, 1971; and U.S. Pat. No. 3,644,203, Lamberti
et al, 1ssued Feb. 22, 1972. Such components are also
used to control static, as well as soften laundered fabrics

45

biodegradable and which yield excellent particulate and
greasy and oily soil removal performance, as well as
fabric softening and static control, in the cationic/non-
ionic surfactant systems of the present invention.

It is another specific object of this invention to pro-
vide amide-containing cationic/nonionic surfactant-
containing compositions which yield both excellent
particulate soil removal and anti-redeposition proper-
ties. |

It is yet another object of this invention to provide a
process for laundering fabrics which yields especially
good particulate soil removal, using cationic and non-
tonic surfactant-containing detergent compositions.

Disclosure of the Invention

The present invention relates to laundry detergent

- compositions, containing from 0 to about 20% phos-

50

as, for example, in U.S. Pat. No. 3,951,879, Wixon,

issued Apr. 20, 1976; and U.S. Pat. No. 3,959,157,
Inamorato, 1ssued May 235, 1976. All of the above pa-
tents being incorporated herein by reference. However,
none of these patents indicate that by the careful selec-
tion and combination of certain nonionic and cationic
surfactants, to achieve specific nonionic:cationic surfac-
tant ratios and reduced cationic monomer concentra-

~ tions, outstandmg removal of particulate soils may be
obtained. | |

The compositions of the present invention have out- '
65

standing cleaning capabilities. In laundry tests, these
compositions, not containing any builder components,
have been shown to remove clay soils at least as well,
and in some cases dramatically better, than fully-built
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phate materials, which are especially beneficial for the
removal of particulate soils from fabrics, having a pH of

at least about 6.5 in the aqueous laundry solution, and
which are substantially free of fatty acid polyglycol
cther diester compounds, oily hydrocarbon materials
and cationic materials containing 13 or more ethylene
oxide groups, comprising from about 5 to about 100%,
by weight, of a surfactant mixture consisting essentially
of
(a) a biodegradable nonionic having the formula

wherein R is a primary or seoonda'ry alkyl chain of from
- 8 to about 22 carbon atoms and n 1s an average of {from

about 2 to about 12, havmg an HLLB of from 5 to about ..
17; and |

(b) a cationic surfaotant free of hydrazinium groups, _
having the formula |
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R,,IR,2Y;Z

Wherein each R! is an organic group containing a
straight or branched alkyl or alkenyl group optionally
substituted with up to three phenyl or hydroxy groups

and optionally interrupted by up to four structures se-
lected from the group consisting of

3

10

- and mixtures thereof, said R! containing from about 8 to
22 carbon atoms, and which may additionally contain
up to 12 ethylene oxide groups; m is a number from 1 to
3, with no more than one R!in a molecule having a total
-of 16 or more carbon atoms when m is 2. or more than
12 carbon atoms when m is 3; each R2 is an alkyl or
hydroxyalkyl group containing from 1 to 4 carbon
atoms or a benzyl group, with no more than one R2in a
- molecule being benzyl; x is a number from O to 11, the
remainder of any carbon atom positions being filled by
hydrogens; Y is selected from the group consisting of:

(1)

(2)

(3)

' - @)

(5)

— V] - ——

] |
(C2H40)pH
((l:;;H40)pH

'--qrw— ,  wherein each p is from 1 to 12,
(C2H40),H

L
NN\ S

,  wherein p 1s from 1 to 12,

(6)

(7)
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~-continued

(8)
FI

/ ’*\ /

-II +I

C C and
/7 ‘\N,/? N’

(9) mixtures thereof;

L is 1 or 2, the Y groups being separated by a moiety
selected from R!and R?analogs having from 1 to
about 22 carbon atoms and 2 free carbon single
bonds when L is 2; Z is an anion in a number to
give electrical neutrality to the molecule; said
cationic surfactant being at least water-dispersible
in admixture with said nonionic surfactant:

the ratio of said nonionic to said cationic surfactant
being in the range of from 5:1 to about 1:1. In preferred
compositions, the reduced cationic monomer concen-
tration of said surfactant mixture is from about 0 005 to
about 0.2. | |

The compositions of the present invention are formu-

lated so as to have a pH of at least about 6.5 in the
laundry solution at conventional usage concentrations
in order to optimize overall cleaning performance; pref-
erably, they are alkaline in nature (pH greater than
about 7) when placed in the laundry solution, and pre-
ferred compositions have a pH of at least about 7.5.
Some of the cationic/nonionic systems of the present
invention will attain optimum removal of greasy/oily
soils at higher pHs, while attaining optimum clay re-
moval at relatively lower pHs. In these systems, overall
performance may be enhanced by varying the pH of the
wash solution during the laundering process. Particu-
larly preferred compositions have a pH of at least about
8 in the laundry solution, in order to improve the re-
moval of body soil. In addition to the alkaline laundry
solution pH, these preferred compositions should also
have the ability to maintain a pH in the laundry solution
of from about 8 to 11 throughout the washing operation
(reserve alkalinity). Such a reserve alkalinity may be
obtained by incorporating compounds which buffer at
pHs of from about 8 to 11, such as monoethanolamine,
diethanolamine or triethanolamine. | |
The compositions are free of oily hydrocarbon mate-
rials, such as dry cleaning solvents, mineral oil, paraffin
o1l and kerosene, because these materials (which are
themselves oily in nature) load the washing liquor with

excesstve oily material, thereby diminishing the clean-

ing effectiveness of the compositions of the present
invention. |

The cationic component is free of hydrazinium
groups due to their relatively high toxicity level which
makes them unsuitable for use in the compositions of
this invention. |

The compositions of the present invention are sub-
stantially free of fatty acid polyglycol ether diester
compounds, such as polyethylene glycol-600-dioleate
or polyethylene glycol-800-distearate. Such additives
offer no advantage, and possibly even result in a disad-
vantage, in terms of achieving the particulate soil re-
moval and fabric conditioning benefits prowded by the
present invention.

Preferred compositions contain nonionic surfactant
to cationic surfactant ratios of from 5:1 to about 5:3,
especlally from about 10:3 to 10:5, and particularly
about 10:4. Compositions may also contain mixed non-
tonic systems. These mixed nonionic systems may con-
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tain nonionic surfactants which fall outside of the defini-
tion of the nonionic surfactant given above (such as
alcohol polyethoxylates having an average of greater
than 12 ethylene oxide groups per molecule) as long as
at least one of the nonionic surfactants in the mixture
falls within the required definition and the ratio of that
nonionic surfactant to the cationic surfactant falls
within the required nonionic:cationic surfactant ratio.
Preferred eemposmens may also contain fatty amide
surfactants, in addition to the cationic and nonionic
components. These amide-containing compositions
yield excellent particulate soil removal, as well as a
particulate soil anti-redeposition benefit. Processes for
laundering fabrics with the compositions ef the present
invention are also taught herein.

There is no sharp line of delineation in cleaning per-
formance between the compositions of the present in-
vention and those described in U.S. patent application
Ser. No. 919,181, Murphy, which is a continuation-in-
‘part of U.S. patent application Ser. No. 884,466, filed
Mar. 7, 1978, which is a continuation-in-part of U.S.
patent applleatlon Ser. No. 852,187, filed Nov. 16, 1977,
which is a continuation-in-part of U.S. patent applica-
tion Ser. No. 811,220, filed June 29, 1977, when the ratio
of nonionic to cationic surfactant is at or about 5:1. The
cleaning benefits of both inventions can be obtained
when such ratios are used. The particulate soil removal
benefits of the present invention, under typical Ameri-
can laundering conditions, are best appreciated at ratios
of nonionic to cationic surfactant which are in the range
of about 1:1 to 5:1, particularly at about 10:4. Thus, a
clear line of distinction is maintained between the two
inventions.

The compositions of the present invention comprise,
by weight, from about 5 to about 100%, particularly
from about 10 to about 95%, and most preferably from
about 20 to about 90%, of a mixture of the particularly
defined ncmionic and cationic surfactants in the ratios
stated. It is preferred that the detergent compositions
contain at least 1% of the cationic component; other-

wise, sufficient cationic surfactant may not be present in

10
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HLB may be equally as beneficial. HLB is defined in
detail in Nonionic Surfactants, by M. J. Schick, Marcel
Dekker, Inc., 1966, pp. 607-613, incorporated herein by
reference.

Particularly preferred nonionic surfactants fer use in
the compositions of the present invention include the
condensation product of Cjg alcohol with 3 moles of
ethylene oxide, the condensation product of coconut
alcohol with 5 moles of ethylene oxide, the condensa-
tion product of Cy2.13 alcohol with 6.5 moles of ethylene
oxide, the condensation product of Ci3-13alcohol with 3
moles of ethylene oxide, and the same product which 1s
stripped so as to remove the lower ethoxylate and none-
thoxylated fractions, the condensation product of Cj4.
15 alcohol with 7 moles of ethylene oxide, the condensa-
tion product of Cyz alcohol with 5 moles of ethylene
oxide, the condensation product of Ci2-13alcohol with 9
moles of ethylene oxide, the condensation product of
Cj4.15 alcohol with 3 moles of ethylene oxide, the con-
densation product of Cj4.15 alcohol with 4 moles of
ethylene oxide, and the condensation product of Ci4.15
alcohol with 9 moles of ethylene oxide. A preferred
class of such surfactants are made from substantially
linear alcohols, such as those which utilize oxoalcohols
containing about 20% 2-methyl branched isomers, com-
mercially available under the tradename Neodol, from

. Shell Chemical Company.

30
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the wash solution to provide the desired cleaning re-
sults. In addition, preferred compositions contain less -

than about 10% of the cationic component, due to com-
mercial availability and cost considerations.

NONIONIC COMPONENT

The nonionic surfactants used in the compositions of
the present invention are biodegradable and have the
formula

wherein R is a primary or secondary alkyl chain of from
about 8 to about 22, preferably from about 10 to 18,
carbon atoms and n is an average of from about 2 to
about 12, preferably from about 2 1 to about 9, most
preferably from about 2 to about 7, and especially from
about 4 to about 7. The nonionic surfactants included
within the present invention include branched alcohol
ethoxylates. The nonionics have an HLB (hydrophilic-
lipophilic balance) of from about 5 to about 17, prefera-
bly from about 6 to about 14. Especially useful particu-
late soil removal can be obtained with nonionic surfac-
tants having HLBs of from about 10 to about 13.5.
These nonionic surfactants are preferably combined
with less soluble cationic materials (such as those hav-
ing 2 or 3 long alkyl chains). Where more soluble cati-
onic materials are used, nonionic surfactants of lower

The compositions of the present invention may also
contain mixtures of nonionic surfactants falling within
the above nonionic surfactant definition, or mixtures of
nonionic surfactants, some of which do not fall within
the above nonionic surfactant definition, as long as at
least one of the nonionic surfactants contained in the
mixture falls within the above definition of the nonionic
surfactants, and the ratio of that nonionic surfactant to
the cationic surfactant falls within the required non-
ionic/cationic ratio. Where the nonionic surfactant mix-
ture contains a nonionic surfactant (or surfactants)
which falls outside of the above nonionic definition, the
ratio of the surfactant (or surfactants) within the above

definition to that which does not fall within the defini-

tion is preferably within the range of from about 1:1 to

about 5:1. Specific examples of surfactant mixtures in-

45
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clude a mixture of the condensation product of Ci4-15

alcohol with 3 moles of ethylene oxide (Neodol 45-3)
and the condensation product of Cj4.15 alcohol with 14 .
moles of ethylene oxide (Neodol 45-14), in a ratio of

lower ethoxylate nonionic to higher ethoxylate non-

ionic of from about 1:1 to about 3:1; a mixture of the
condensation product of Cyp alcohol with 3 moles of
ethylene oxide together with the condensation product
of a secondary Cis alcohol with 9 moles of ethylene
oxide (Tergitol 15-S-9), in a ratio of lower ethoxylate .
nonionic to higher ethoxylate nonionic of from about
1:1 to about 4:1; and a mixture of Neodol 45-3 and Ter-
gitol 15-S-9, in a ratio of lower ethoxylate nonionic to
higher ethoxylate nonionic of from about 1:1 to about
3:1. |

Preferred nonionic surfactant mixtures contain alkyl -
glycery! ether compounds in addition to the required
nonionic surfactant. Particularly preferred are glyceryl
ethers having the formulae |

R—OCHs~CH—CH3;0H and R—O(CH>CH»0),CH;CHCH,;0H

OH - OH
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- wherein R is an alkyl or alkenyl group of from about 8
to about 18, preferably about 8 to 12 carbon atoms or an
alkaryl group having from about 5 to 14 carbons in the
alkyl chain, and n is from 1 to about 6, together with the
nonionic surfactant component of the present invention, 3
in a ratio of nonionic surfactant to glyceryl ether of
from about 1:1 to about 4:1, particularly about 7:3.

- Glyceryl ethers of the type useful in the present inven-
tion are disclosed in U.S. patent application Ser. No.

644,214, Jones, filed Dec. 24, 1975 now abandoned; and 10
U.S. patent application Ser. No. 735,647, Jones, filed
Oct. 26, 1976, now U.S. Pat. No. 4,098,713; both of
which are incorporated herein by reference.

Other biodegradable nonionic surfactants well
known in the detergency arts may be used, in combina-
‘tion with one or more of the nonionic surfactants falling
within the definition of nonionic surfactants required in
the present invention, to form useful nonionic surfactant
mixtures. Examples of such surfactants are listed in U.S.
Pat. No. 3,717,630, Booth, issued Feb. 20, 1973, and
U.S. Pat. No. 3,332,880, Kessler et al, issued July 25,
1967, each of which is incorporated herein by reference.
Nonlimiting examples of suitable nonionic surfactants
which may be used in conjunction with the required
nonionic surfactants include the condensation products
of aliphatic alcohols with from about 13 to about 25
moles of ethylene oxide. The alkyl chain of the aliphatic
alcohol can either be straight or branched, primary or
secondary, and generally contains from about 8 to about
22 carbon atoms. Examples of such ethoxylated alco-
hols include the condensation product of myristyl alco-
hol condensed with about 13 moles of ethylene oxide
per mole of alcohol; and the condensation product of
about 14 moles of ethylene oxide with coconut alcohol
(a mixture of fatty alcohols with alkyl chains varying in
length from 10 to 14 carbon atoms).

A preferred group of nonionic surfactants useful
herein comprises a mixture of “surfactant” and “cosur-
factant”, containing at least one nonionic surfactant
falling within the definition of nonionic surfactants use-
ful 1n the present invention, as described in U.S. patent
application Ser. No. 730,499, Collins, filed Oct. 7, 1976,
the disclosure of which is incorporated herein by refer-
ence.

25
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43
CATIONIC COMPONENT

The cationic surfactants used in the compositions of
the present invention have the formula

R,,/RA2Y;Z

wherein each R! is an organic group containing a
straight or branched alkyl or alkenyl group optionally
substituted with up to three phenyl or hydroxy groups
and optionally interrupted by up to four structures se-
lected from the following group:

60

15

&
and mixtures thereof, and which contains from about 8
to 22 carbon atoms. The R! groups may additionally
contain up to 12 ethoxy groups. m is a number from 1 to
3. No more than one R! group in a molecule can have 16
or more carbon atoms when m is 2 or more than 12
carbon atoms when m is 3. Each R2is an alkyl or hy-
droxyalkyl group containing from ! to 4 carbon atoms

or a benzyl group with no more than one R2 in a mole-
cule being benzyl, and x is a number from O to 11, pref-
erably {from O to 6. The remainder of any carbon atom

positions on the Y group are filled by hydrogens. Y is
selected from the group consisting of:

(1)

(2)

(3)

(4)

(5)

—N+T=—, wherein p is from 1 to 12,

(C2H40),H

(C2H40),H (6)

—N=+-—  wherein each p is from | to {2,

(CH40),H

.
N2 N S
C N
4l
) @
e ‘\\C/ N
|

(7)

E (8)

f”\\\f’
N
|[I |
= and
e ”\ »'}” A

(9) mixtures thereof; |

L 1s 1 or 2, with the Y groups being separated by a
moiety selected from R! and R? analogs (preferably
alkylene or alkenylene) having from 1 to about 22 car-

bon atoms and two free carbon single bonds when L is

2. Z. 1s a water-soluble anion, such as a halide, sulfate,
methylsulfate, hydroxide, or nitrate anion, particularly
preferred being chloride, bromide, iodide, sulfate or
methyl sulfate anions, in a number to give electrical
neutrality of the cationic component. The specific cati-
onic component to be included in a given system de-
pends to a large extent upon the particular nonionic
component to be inciuded in the system, and is selected
such that it 1s at least water-dispersible, or preferably
water-soluble, when mixed with said nonionic surfac-




9

tant. The term “water-dispersible” means that the cati-

onic and nonionic surfactants, as well as the anions.

discussed hereinafter, remain dispersed throughout the
laundry solution during the washing process. Mixtures
of the above-defined cationic materials may also be used
in the compositions of the present invention. Small
amounts of other cationic materials can be tolerated in
such mixtures.

When used in combination with nonionic surfactants,
within the specific ratios and the preferred reduced
cationic monomer concentrations, defined hereinafter,

4,222,905
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these cationic components provide excellent soil re-

moval characteristics, confer static control and fabric
softening benefits to the laundered fabrics, and inhibit
the transfer of certain dyes among the laundered fabrics

15

in the wash solution. Preferred cationic surfactants are

those which have critical micelle concentrations less
than about 500 ppm. |

In preferred cationic materials, L is equal to 1 and Y
1S |

N /|

or mixtures thereof. However, L. may be 2 and, in that
case, the cationic component contains 2 cationic charge

20

25

30

centers. Other cationic materials which are useful in the

compositions of the present invention include phospho-
nium and sulfonium materials. | -

Where m is equal to 1, it is preferred that x is equal to
3 and RZis a methyl group. Preferred compositions of
this mono-long chain type include those in which R!is

35

a Cioto Cjgalkyl group. Particularly preferred compo- |

sitions of this class include Cj; alkyl trimethylammo-

nium halide, Cis4 alkyl trimethylammonmum halide,

coconutalkyl trimethylammonium halide, tallowalkyl
trlmethylammomum halide, and Ci¢ alkyl trimethylam-
montum halide.

In order to be sufficiently water-soluble or water-dis-
persible, the cationic surfactant must satisfy the follow-
ing chain-length criteria. Where m is equal to 2, only
one of the R! chains can be longer than 16 carbon
atoms. Thus, ditallowdimethylammonium chloride and
distearyldimethylammonium chloride, which are used
conventionally as fabric softeners and static control
agents i detergent compositions, are not included
within the definition of the cationic components used in
the present invention. Preferred di-long chain cationics
of this type include those in which x is equal to 2 and
R?is a methyl group. In this instance it is also preferred
that R! is a Cyg to Cis alkyl group. Particularly pre-
ferred cationic materials of this class include di-Cig
alkyldimethylammonium halide, di-C;2 alkyldime-
thylammonium halide materials, and dlceconutalkyl
dlmethylammonlum halide. |

Where m is equal to 3, only one of the R chams can
be greater than 12 carbon atoms in length. In this in-
stance, it is preferred that x is equal to 1 and that R2 is
a methyl group. In these compositions it is preferred

that R!is a Cgto Cy2 alkyl group. Particularly preferred ._
tri-long chain cationics include trroctylalkylmethylam-

40
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10

monium halide, and tridecylalkylmethylammonium

halide.
Another type of preferred catlomc surfactant for use
in the compositions of the present invention are the

alkoxylated alkyl quaternaries. Examples of ethoxylated
compounds are given below:

(|3H3 - <I:H3
Z— R=+N=(CoH0),H H(OC;Hg),—N+—(C2H40),H Z -

|
R

R
wherein each p is from 1 to 12, preferably from 1 to 10,
most preferably from 1 to 7, with the total ethylene
oxide groups in a molecule not exceeding about 12.
Each R is a Cig to Cyg alkyl group. |

The compositions of the present invention are formu-

lated so as to be substantially free of ethoxylated cati-

onic surfactants which contain an average of about 13
or more, and especially more than about 10, moles of
ethylene oxide per mole of surfactant. These com-
pounds tend to be relatively nonbiodegradable, do not
enhance the cleaning or fabric conditioning benefits
provided by the compositions and may, in some circum-
stances, decrease the overall laundering performance
provided by them.

The following formulations have been found to be

especially suitable for removing particulate soils, and

providing fabric softening, static control and dye trans-

fer ihibition beneits, 1n a conventlonal home launder-
ing operation.

(a) Tallowalkyltrimethylammonium halide or meth-
ylsulfate, such as chloride, together with a nonionic
surfactant selected from the condensation product of
C12-Cj3 alcohol with 2 to 4 moles of ethylene oxide and

‘the condensation product of Cy4-Cy5alcohol with 3 to 6

moles of ethylene oxide, such as the condensation prod-
uct of Cyz.13alcohol with 3 moles of ethylene oxide, the
condensation product of Ci4.15 alcohol with 4 moles of
ethylene oxide, or mixtures thereof, in a nonionic:ca-
tionic ratio of from 5:1 to about 5:3.

(b) Tallowalkyltrimethylammonium halide or meth-
yisulfate, such as chloride, together with a nonionic
surfactant selected from the condensation product of
C12-Cj3 alcohol with 5 to 7 moles of ethylene oxide and
the condensation product of C14-C5 alcohol with 5 to
8 moles of ethylene oxide, such as the condensation
product of Ci; alcohol with 5 moles of ethylene oxide,
the condensation product of Cjz.13 alcohol with 6.5
moles of ethylene oxide, the condensation product of
C14-15 alcohol with 7 moles of ethylene oxide, or mix-
tures thereof, in a nonionic:cationic ratio of from 5:1 to
about 1:1, especially from 5:1 to about 4:1. Composi-
tions which exhibit both excellent particulate and
greasy/oily soil removal may be formulated by combin-
ing this cationic material with the condensation product

of Cy2-Cy3alcohol with 4 to 10 moles of ethylene oxide

or the condensation product of C14-Ci5 alcohol with 6
to 10 moles of ethylene oxide, in nonionic:cationic ratios
of from 5:1 to about 1:1.

~ (c¢) Coconutalkyltrimethylammonium halide or meth-

ylsulfate, such as chloride, together with a nonionic
surfactant selected from the condensation product of
C12-Cj3alcohol with 2 to 4 moles of ethylene oxide and
the condensation product of C4-Ci5 alcohol with 3 to
6 moles of ethylene oxide, such as the condensation
product of Cji3.13 alcohol with 3 moles of ethylene 0x-
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ide, the condensation product of Cj4.15 alcohol with 4
moles of ethylene oxide, or mixtures thereof in a non-
ionic:cationic ratio of from 5:1 to about 1:1.

(d) Coconutalkyltrimethylammonium halide or meth-
ylsulfate, such as chloride, together with a nonionic 5
surfactant selected from the condensation product of
C1»—-C13 alcohol with 5 to 7 moles of ethylene oxide and
the condensation product of Cj4-Cjs alcohol with 5 to
8 moles of ethylene oxide, such as the condensation
product of the condensation product of Ci2 alcohol
with 5 moles of ethylene oxide, the condensation prod-
uct of Cir-13 alcohol with 6.5 moles of ethylene oxide,
the condensation product of C14-15alcohol with 7 moles
of ethylene oxide, or mixtures thereof, in a nonionic:ca-
tionic ratio of from 5:1 to about 1:1, especially about 3:1.
Compositions which exhibit both excellent particulate
and greasy-oily soil removal may be formulated by
combining this cationic material with the condensation
product of C;2-Cj3 alcohol with 4 to 10 moles of ethyl-
ene oxide or the condensation product of Cy4-C;5 alco-
hol with 6 to 10 moles of the ethylene oxide, in non-
ionic:cationic ratios of from 5:1 to about 1:1.

(e) A cationic surfactant of the formula

10

15

20

R2 23

|
Rl-=N+-—CH,

¥

wherein R!, R? and z are as defined above, together 30
with a nonionic surfactant selected from the condensa-
tion products of C;2-Cjs alcohols with 2 to 4 moles of
ethylene oxide, such as the condensation product of
Cis-13 alcohol with 3 moles of ethylene oxide, the con-
densation product of Cis-15 alcohol with 4 moles of 35
ethylene oxide, or mixtures thereof, in a nonionic:ca-
~.tionic ratio of from about 3:1 to about 1:1.

(f) A cationic surfactant of the formula.

wherein R, R2 and z are as defined above, together 4°
with a nonionic surfactant selected from the condensa-
tion products of C7-Cjs alcohols with 5 to 10 moles of
ethylene oxide, such as the condensation product of Cj2
~ alcohol with 5 moles of ethylene oxide, the condensa-
tion product of Ci3-13 alcohol with 6.5 moles of ethyl-
~ ene oxide, the condensation product of Cj4-15 alcohol
with 7 moles of ethylene oxide, or mixtures thereof, in a
nonionic:cationic ratio of from 35:1 to about 1:1.

(g) Dicoconutalkyldimethylammonium halide, or
methylsulfate such as chloride, together with a nonionic 55
- surfactant selected from the condensation product of
C1>-Cj3 alcohol with 4 to 8§ moles of ethylene oxide or
the condensation product of C14-Cjis alcohol with 4 to
8 moles of ethylene oxide, such as the condensation
product of Cj3 alcohol with 5 moles of ethylene oxide, 60
 the condensation product of Cjz.13 alcohol with 6.5
moles of ethylene oxide, the condensation product of
'Ci4-15 alcohol with 7 moles of ethylene oxide, or mix-
tures thereof, in a nonionic:cationic ratio of from 5:1 to
about 1:1, especially from about 4:1 to about 2:1. Com- 65
positions which give both excellent particulate and
greasy-oily soil removal can be obtained by combining
this cationic surfactant with the condensation product

50
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of C13-Cy3 alcohol with 6 to 10 moles of ethylene oxide
in nonionic:cationic ratios of from 5:1 to about 4:1.

(h) Tri-Cjralkylmethylammonium halide or methyl-
sulfate, such as chloride, together with a nonionic sur-
factant selected from the condensation product of
C172-C13 alcohol with 6 to 10 moles of ethylene oxide
and the condensation product of Ci4-Cjsalcohol with 6
to 10 moles of ethylene oxide, such as the condensation
product of Ciz-13 alcohol with 6.5 moles of ethylene
oxide, the condensation product of Ci;-13 alcohol with
9 moles of ethylene oxide, the condensation product of
Ci4-15 alcohol with 7 moles of ethylene oxide, the con-
densation product of Cji4-i5 alcohol with 9 moles of
ethylene oxide, or mixtures thereof, in a nonionic:ca-
tionic ratio of from 5:1 to about 1:1, especially from 35:1
to about 5:3. | |

(i) Tri-Cg_jpalkylmethylammonium halide or methyl-
sulfate, such as chloride, together with a nonionic sur-
factant selected from the condensation product of
C12-C13 alcohol with 5 to 10 moles of ethylene oxide,
and the condensation product of C14-Cjis5alcohol with 6
to 10 moles of ethylene oxide, such as the condensation
product of Ci2 alcohol with 5§ moles of ethylene oxide,
the condensation product of Ciz-13 alcohol with 6.5
moles of ethylene oxide, the condensation product of
Ci2-13 alcohol with 9 moles of ethylene oxide, the con-
densation product of Cj4-15 alcohol with 7 moles of
ethylene oxide, the condensation product of Ci4-15alco-
hol with 9 moles of ethylene oxide, or mixtures thereof,
in a nonionic:cationic ratio of from about 3:1 to about
1:1. |

A particularly preferred type of cationic component,
which is described in U.S. Patent Application Ser. No.
919,344, Letton, filed of even date, and incorporated
herein by reference, and which is a continuation-in-part
of U.S. Patent Application Ser. No. 811 218 filed June

29, 1977, has the formula
Rl
|
:Rl—(z‘)a—(R-")n-22—(CHz)m—ri~r+-_-R‘- X
| ¥

wherein R!is Cj to C4alkyl or hydroxyalkyl; R2is Csto
Csg straight or branched chain alkyl or alkenyl, alkyl
phenyl, or

l .
X~ Rl— +T—(CH2).-;—;
Rl

wherein s is from 0 to 5; R3 is Cj to Cayg alkylene or
alkenylene aisOorl,nisOor l,andnis 1 when ais 1;
m is from 1 to 5; Z! and Z2 are each selected from the
group consisting of

0 0 0O
| | I
—~C—0—, =0—C—, —0—, —0—C—0—,
0O H H O O H H O
I | | || |l
—C—N—, —N—C—, —0—C—N—, —=N=C—0—

and wherein at least one of said groups is an ester, re-
verse ester, amide or reverse amide; and X is an anion
which makes the compound at least water-dispersible,
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nium halides (RZ*-CH alkyl), and tallowyl choline ester
quaternary ammonium halides (R2=C;5-Cy7 alkyl).
- Additional preferred cationic components of the cho-
line ester variety are given by the structural formulas
5 below, wherein p may be from 0 to 20.

13

preferably selected from the group consisting of halide,
methyl sulfate, and nitrate, preferably chloride, bro-
mide, iodide, sulfate, or methyl sulfate.

In addition to the advantages of the other cationic
surfactants disclosed herein, this particular cationic

| CHj3 :
II II l
Rz—-o—-c—(CHg)pc—-—o-—-Cchmm1~l~1+----CH; ) &

CH;
P P T
X CH}“"+T“CHZMCHQHO'—C“‘(CHz)p—C—O—CHz—CHZ—N+-"CH; X
CH3 CH3

component 1s environmentally desirable, since it 1s bio-
degradable, yielding environmentally acceptable com-
pounds, both in terms of its long alkyl fragment and its
nitrogen-containing fragment. These preferred cationic
components are useful in nonionic/cationic surfactant
mixtures which have a ratio of nonionic to cationic of
from about 1:1 to about 100:1. However, when used in
the compositions of the present invention, they are used
in surfactant mixtures which have nonionic to cationic
ratios of from 3:1 to about 1:1, more preferably from 35:1
to about 5:3, particularly from about 10:3 to about 10:5,
most preferably about 10:4. In preferred compositions,
the ratios are selected such that the compositions have
reduced cationic monomer concentrations as specified
herein. These preferred cationic surfactants may also be
used in the detergent systems defined in U.S. Patent
Application Ser. No. 919,181, Murphy, filed of even
date, incorporated herein by reference, in nonionic to
cationic ratios of 5.1:1 to about 100:1, preferably from
3.1 to about 50:1, particularly from about 6:1 to about
40:1, and most particularly from about 6:1 to about 20:1.
In formulating such compositions, the nonionic/ca-
tionic surfactant mixture should have a cloud point of
from about 0° to about 95° C., preferably from about 10°
to about 70° C., most preferably from about 20° to about
70° C., and in preferred compositions, the surfactant
mixture has a reduced cationic monomer concentration
of from about 0.002 to about 0.2, especially from about

0.002 to about 0.15, particularly from about 0.002 to

about 0.08.

Where this type of biodegradable cationic surfactant
1s used, 1t 1s preferred that the detergent compositions
have a pH of not greater than about 11, preferably less
than about 10, in the laundry solution, in order to mini-
mize hydrolysis of the cationic surfactant.

Particularly preferred cationic surfactants of this type

are the choline ester derivatives having the following

20
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The preferred choline-derivative cationic substances,
discussed above, may be prepared by the direct esterifi-
cation of a fatty acid of the desired chain length with

“dimethylaminoethanol, in the presence of an acid cata-

lyst. The reaction product is then quaternized with a
methyl halide, forming the desired cationic material.
The choline-derived cationic materials may also be
prepared by the direct esterification of a long chain
fatty acid of the desired chain length together with
2-haloethanol, in the presence of an acid catalyst mate-
rial. The reaction product is then used to quaternize
trimethylamine, forming the desired cationic compo-
nent.

Another type of novel, partlcularly preferred cationic
material, described in U.S. Patent Application Ser. No.

919,343, Letton, filed of even date and incorporated

herein by reference, which is a continuation-in-part of
U.S. Patent Application Ser. No. 811,219, filed June 29,
1977, has the formula

R2 . rR!
| I
R3—O[(CH),0)l,—(Z});—(RYH—Z2~—(CH3)py—N+—R1 X

R

In the formula, each R!is a C;to Cqalkyl or hydroxyal-
kyl group, preferably a methyl group. Each R?is either
hydrogen or Cj to Cj alkyl, preferably hydrogen. R3 is
a C4 to Cjp straight or branched chain alkyl, alkenyl,
alkyl phenyl, or alkyl benzyl group, preferably a Cg to
Cjsalkyl group, most preferably a Ciz alkyl group. R4is
a Ci to Cypalkylene or alkenylene group. n 1s from 2 to
4, preferably 2; y is from 1 to 20, preferably from about
I to 10, most preferably about 7; amay beOor 1,and t
may be 0 or 1, but t must be 1 when ai1s 1; and m is from
1 to 5, preferably 2. Z2 is selected from the group con-

formula: sisting of:
” (I:H3 55 f"3 ‘I? _- 'h) .
R2—C—0—CHyCH,—N*—CH;3 X~ —¢=0—, =C—, =0—, —=0—C—0—, -
O H H O O H H O
CH; . | |- |
~C=N—, =N—C—, === C==Nw=, == N—=C~—~0—;
as well as those wherein the ester linkage in the above 60 21 ¢ cijected from the group consisting of:
formula is replaced with a reverse ester, amlde Or re- |
verse amide linkage. |
Particularly preferred examples of this type of cati- T ﬁ) " Ii{ I[I '|:|) I|{ (|:|)
onic surfactant include stearoyl choline ester quater- ~—~C—0—, —C~, ~C~N—, —=N—C—, —N—C—0—,

nary ammonium halides (R?=C;7alkyl), palmitoyl cho-
line ester quaternary ammonium halides (R2=C;s al-
kyl), myristoyl choline ester quaternary ammonium
halides (R2=C;j3 alkyl), lauroyl choline ester ammo-

65

and wherein at least one of said Z! and Z2 groups is
selected from.the group consisting of ester, reverse
ester, amide and reverse amide. X is an anion which will |
make the compound at least water-dispersible, and is
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selected from the group consisting. of halides, methyl
sulfate, and nitrate, particularly chloride, bromide, io-
dide, suifate, and methyl sulfate. Mixtures of the above
structures can also be used. |
These novel cationic surfactants may be used in non-
ionic/cationic surfactant mixtures in a ratio of nonionic
component to cationic component of from about 1:1 to
about 100:1. When these surfactants are used in the
compositions of the present invention they are used in
nonionic to cationic ratios of from 5:1 to about 1:1, more
preferably from 5:1 to about 5:3, particularly from about
10:3 to about 10:5, especially about 10:4, and preferably
have ratios which yield reduced cationic monomer

10

16

able, since both their long chain alkyl fragments and
their nitrogen fragments are biodegradable, in that they
degrade to yield environmentally acceptable com-
pounds. Where this type of biodegradable cationic sur-
factant is used, it is preferred that the detergent compo-
sitions have a pH of not greater than about 11, prefera-
bly less than about 10, in the laundry solution, in order
to minimize hydrolysis of the cationic surfactant.

Preferred embodiments of this type of cationic com-
ponent are the esters in which R!is a methyl group and
Z21is an ester or reverse ester group, particular formulas
of which are given below, in which tis O or 1 and y 1s
from 1 to 20.

CHj3

0O
] |

R3—0O(CH,CH;0),~(CH3)—C—0—CH;—CH;—N+~CH3 X~

CH3
LT
iR-"—o(CHZCHQO)y—c—CHg—Iiﬁ--c:H3 X
“Hj3
[T A
iR3-—O(CHCHgO)y-—-C-CH2—II\I-—CH3 X
CH3
CH;

I I

R3—OQ(CHCH;,0),—{CHj);~C—O0—CH;—CHy~N+—CHj; X~

|
CHj;

CH;

0
I |

0
J

R3—O(CHgCHgO)y—C—(CI-Iz);—C--O—CH;CHZ--III*'——CH_:, X~

CH;

H H O CH3

0
LI | I

R3—0O(CH,;CH;0),—C—C=C—C—0—CHCH;—N+—CHj3 X~

CH3
"Hj3

0O
I ll

R3-~O(CH,CH;CH,CH0),—C—CH;—N+—CHj3 X~

|
_Hj3
Iﬁ CH;

R3—O(CH;CH;CH;CH0),~—(CH3);—C~~0O—CH;CH—N*t—CHj3 X~

- concentrations within the range given herein. They
may be also used in the nonionic/cationic surfactant
mixtures disclosed in U.S. Application Ser. No. 919,181,
Murphy, filed of even date, wherein the ratio of non-
ionic component to cationic component would be from
5.1:1 to about 100:1, preferably from 5.1:1 to about 50:1,
particularly from about 6:1 to about 40:1, and most
particularly from about 6:1 to about 20:1. In formulating
such compositions, the nonionic/ cationic surfactant
mixture should have a cloud point of from about 0° to
about 95° C., preferably from about 10 to about 70° C,,
most preferably from about 20° to about 70° C., and the
surfactant mixture preferably has a reduced cationic
- monomer concentration of from about 0.002 to about

50

35

0.2, especially from about 0.002 to about 0.15, particu- 60

larly from about 0.002 to about 0.08.

These surfactants, when used in the compositions of
the present invention, yield excellent particulate soii,
body soil, and grease and oil soil removal. In addition,
the detergent compositions control static and soften the
fabrics laundered therewith, and inhibit the transfer of
certain dves in the washing solution. Further, these
novel cationic surfactants are environmentally desir-

635

|
CHj3

The preferred derivatives, described above, may be
prepared by the reaction of a long chain alkyl polyalk-
oxy (preferably polyethoxy) carboxylate, having an
alkyl chain of desired length, with oxalyl chloride, to
form the corresponding acid chloride. The acid chlo-
ride is then reacted with dimethylaminoethanol to form
the appropriate amine ester, which is then quaternized
with a methyl halide to form the desired choline ester

compound. Another way of preparing these compounds

is by the direct esterification of the appropriate long
chain ethoxylated carboxylic acid together with 2-halo-
ethanol or dimethyl aminoethanol, in the presence of
heat and an acid catalyst. The reaction product formed
is then quaternized with methylhalide or used to quat-
ernize trimethylamine to form the desired choline ester
compound. -

As a guide in formulating compositions which deliver
excellent particulate soil removal, the reduced cationic
monomer concentration may be used. Thus, the non-
ionic and cationic components, defined above, may be
combined into a surfactant mixture which has a ratio
corresponding to a reduced cationic monomer concen-
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tration (Cg) of from about 0.005 to about 0.2, preferably
from about 0.008 to about 0.15, particularly from about
0.01 to about 0.1. A Cg value within this range will
yield a composition which exhibits optimum particulate
soil removal performance. Where the nonionic and
cationic componentis used are pure, the more narrow
Cg ranges are preferred. In a preferred method of pre-
paring the compositions of the present invention, the
nonionic and cationic surfactants are intimately and
completely mixed together prior to the addition of any
additional components to the mixture. This intimate
premixing of the nonionic and cationic components
enhances performance of the compositions.

An approximation of the Cg of a surfactant mlxturc 1S
obtained by dividing the concentration of the cationic
surfactant monomer in the laundry solution by the criti-
cal micelle concentration (CMC) of the surfactant. As
used in this application, CMC'’s are determined at 105°
F. in water containing 7 grains/gallon of mixed hard-
ness, unless otherwise stated. For purposes of this appli-

cation, Cr is calculated according to the equatlons.

given below.

The concept of reduced monomer concentration is
derived from the discussion in Tamamushi and Tamaki,
Proceedings of the Second International Congress of Sur-
face Activity, 111, 449, Academic Press, Inc. (1957), and
in Clint, J. Chem. Soc. Far. Trans., 1, 71, 1327 (1975),
incorporated herein by reference, in the context of an
ideal solution, and is based on the following quadratic
equation (equation (11) in Clint): | |

(cl)z[m— ] + ¢™MC — cf+ ¢ — aCel=0

wherein in the above and the following equations:
C=total analytical surfactant concentration in the solu-
tion (moles/1.)=sum of the cationic and nonionic
concentrations =C1+4Cy (wherein “1” denotes non-
ionic surfactant and ““2” denotes cationic surfactant)
=crifical micelle concentration (CMC) cf nonionic
surfactant (moles/1.) | '

c»¥ =critical micelle concentration of catlcmc surfac-
tant (moles/1.)

cr*

a=total mole fraction of nonionic surfactant in the

solution=C1/(C1+C3)
B =a constant based upon the heat of mixing=
c1™=nonionic monomer concentration
CcyM=cationic monomer concentration
e =base of Napierian logarithm system=2.71828

—2.8.

d
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The above equation is solved for the nonionic mono-

mer concentration by takmg its pcsnwe root (equation
(12) in Clint).

m

.Cl =

- A{—(C = (] _ et £ [(C — (3 — eh)? + 4aC(cy — ch)t }

W
)

A= - 1)
€]

By modifying this equation based on the assumptions
of a regular, rather than an ideal, solution, the Cg range
for optimum pcrformancc was derived from the follow-
ing equation:

(1)

e =(C—8)+ (C — A + 40.CA
- 24

For a given cleaning test for a nonionic/cationic
system, x was found by inserting the values known from
the test (i.e., c1*, ¢2*, a, C and ) into equation (1) and
solving interatively for x, such that the error in x is less
than 0.001. This procedure was repeated for a large
number of such tests, over varying usage conditions.
The x values obtained were then used to solve for the

cationic monomer concentrations using the fcllcwmg
equation:

M= (1 —x)frc2* (2)

‘The Cg value was then calculated using equation (3).

Cr=cy"/cr* (3)

The Cg values obtained cover a large number of
combinations and ratios of various nonionic and cati-
onic surfactants, at various concentrations and tempera-
tures, which have been evaluated for their ability to
clean greasy/oily soils. The examination of the resulting
data revealed that for a given system the optimum
cleaning of greasy/oily soils was found at a CR valuc of
from about 0.002 to about 0.2

This range of Cg (i.€., 0.002 to 0.2) can then be used
to determine the range of optimum nonionic/cationic
ratios for any given combination of nonionic surfactant

and cationic surfactant, for the desired wash concentra-

30

x=mole fraction of the nonionic surfactant in the mi-

celle at concentration C
fi=nonionic activity coefficient in the mixed micel-
le=eB(l—x)2 |

fy=cationic activity coefficient in the mlxed micel-
le=eBx2 |

A=fHcr* —fic1*

Cr=reduced «cationic monomer concentration
M;=molecular weight of nonionic surfactant
M;=molecular weight of cationic surfactant W =to-
tal analytical surfactant concentration in the solution
(ppm)=sum of the cationic and nonionic concentra-
tions (ppm)=W|+W;, (wherein “1” denotes non-
ionic surfactant and “2” denotes cationic surfactant)

Y =weight fraction of nonionic surfactant in the com-
position | | |

35

60
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tion within the overall wash concentration range of
from 100 parts per million (ppm) to 10,000 ppm of sur-
factant. This calculation is carried out in the following
manner, where 8, Cgr, c1¥*, c3¥%, M| and M> are known
for a given nonionic/cationic surfactant pair:

(a) for a given nonionic surfactant, cationic surfac-
tant, and for each end of the Cg range, solve for X using
the equation

(1 —.x)eBﬂ:cR

~ by standard numerical iterative techniques to an error in

x of less than 0.001;
(b) find the range of Y from the equation

x!l— gl.

T % [xtx ~ DA
using 100 ppm and 10,000 ppm as the bcundary values
for W, for each end of the Cg range;

(c) the nonionic/cationic ratio (NCR) range for opti-
mum performance is then within the range obtained by
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substituting the boundary values for Y into the formula

Y

NCR = ——=

Put another way, steps (b) and (¢) may be combined

into a single equation which may be solved directly for
the NCR.

]
(1000/ WHA + m
1—-Y ]
(1000/W)A + <M

The above procedure is relevant only to wash solu-
tion concentrations above the critical micelle concen-
tration of the nonionic/cationic mixture. For concentra-
tions which are as high as about five times the critical

10

15

micelle concentration, Cg is essentially independent of 20

concentration. This means that for conventional laun-
dry usage concentrations (e.g., 100 ppm to 10,000 ppm,
and especially from about 250 ppm to about 3,000 ppm),
the Cr of most commercial cationic/nonionic surfactant
mixtures (wherein the cationic component has a CMC
of less than about 100 ppm, measured at 105" F. water
containing 7 grain/gallon of mixed calcium and magne-
sium hardness) will be independent of the actual usage
concentration, so that using a concentration of about
1,000 ppm in the above calculation will be a satisfactory
~ approximation for the entire range. As used herein, 1if a
concentration range is not specified, the 1,000 ppm Cgr
1s meant. |

By way of example, the optimum ratio for grease/oil
removal for Composition A (palmitylalkyl trimethyl-
ammonium chloride+condensation product of Cj3 al-

23
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cohol with 5 moles of ethylene oxide) of Example I of

concurrently filed U.S. Patent Application Ser. No.

919,181, Murpy, given Cg, is calculated below. For this

system, the following values are either known or se-

lected as indicated:

W =1,000 ppm (selected as representative of usage con-
ditions) |

c1*=1.967 X 10—> ppm

c2*¥=2.1875x 10— ppm

B=-—2.8 |
M1=406.7
M>=320

CR=0.0073I (selected for optimum greasy/oily soil re-

moval performance, but could be any value between
0.002 and 0.2)

Substituting the values for 8 and Cg into equation (a):

(1—x)e—2-8x2-0,0073.

- Solving iteratively for x, it 1s found that x=0.922.
Using this value for x, it is found that

£1=0.983
£=0.0925

A=(0.0925) (2.1875X 10—2)—(0.983)
(1.967X 10—5)=—1.73 X 10—

Substituting these vaues into equation (b), 1t is found
that:

40

45
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20
Y1 -0922)  0922(1—Y) _
406.7 320 -
1000 | _
Tooo (0-922) (0.922 — 1) (—1.73 X 10 %
Y =0.938

Substituting this value for Y into equation (c), the
nonionic/cationic ratio is determined.

0.938

T — 0935 — 131

NCR =

It will be noted that this ratio corresponds to the ratio
actually found in Example I, Composition A.

In addition to these reduced cationic monomer crite-
ria, the nonionic/cationic surfactant mixture may also
satisfy the specific cloud point requirements, given be-
low. In addition to outstanding particulate soil deter-
gency, these preferred compositions will be optimized
for the removal of greasy/oily soils. Thus, in preferred
compositions, the cloud point of the nonionic/cationic
mixture (and in preferred embodiments the nonionic/-
cationic mixture plus any electrolytes present in the
composition) falls between about 0° and about 95° C,,
preferably between about 10° and about 70° C., more
preferably between about 20° and about 70° C., espe-
cially between about 30° and about 50° C. For cold
water detergency, the surfactant mixture should have a
cloud point between about 0° and about 25° C. The fact
that a composition has a cloud point within these tem-
perature ranges assures that the composition can be
utilized under laundry temperature ~conditions to
achieve outstanding removal of greasy/oily soils. If a
composition does not have a cloud point within the
temperature range specified, it will not yield outstand-
ing greasy/oily soil cleaning within that temperature
range. The compositions will exhibit their best grease-
/oil removal performance when the temperature of the
wash solution in which they are used falls within about
20° C., preferably within about 15° C., and most prefera-
bly within about 10° C., of the cloud point of the non-
ionic/cationic surfactant mixture. Put another way, the
laundry solution temperature range in which the pre-
ferred compositions deliver optimum grease/oil re-
moval lies between the cloud point temperature of the
system in the absence of the cationic component, and
about 30° C., preferably about 25° C., most preferably
about 20° C., above that cloud point temperature.

As used herein, the term “cloud point” means the
temperature at which a graph which plots the light
scattering intensity of the composition versus wash
solution temperature begins to sharply increase to its
maximum value, under the following experimental con-
ditions:

The light scattering intensity is measured using a
Model VM-12397 Photogoniodiffusometer, manufac-
tured by Societe Francaise d’instruments de controle et
d’analyses, France (the instrument being hereinafter
referred to as (SOFICA). The SOFICA sample cell and
its lid are washed with hot acetone and allowed to dry.
The surfactant mixture is made and put into solution
with distilled water at a concentration of 1000 ppm.
Approximately a 15 ml. sample of the solution is placed
into the sample cell, using a syringe with a 0.2u nu-
cleopore filter. The syringe needle passes through the
sample cell lid, so that the cell interior is not exposed to
atomospheric dust. The sample is kept in a variable



4,222,905

21
temperature bath, and both the bath and the sample are
subject to constant stirring. The bath temperature is
heated using the SOFICA’s heater and cooled by the
addition of ice (heating rate 1° C./minute); the tempera-
ture of the sample is determined by the temperature of
the bath. The hght scattering intensity of the sample is
then determined at various temperatures, using a green

filter and no polarizer in the SOFICA.

Fatty Amide Component

In particular preferred embodiments of the present
invention the nonionic surfactant/cationic surfactant
mixture additionally contains from about 2 to about

5

10

25%, preferably from about 2 to about 16%, and most

preferably from about 3 to about 10%, of a fatty amide
surfactant. Any nonionic surfactant conventionally
used in detergent compositions may be used in these
compositions; however, preferred compositions contain
the nonionic surfactants defined above, in order to max-
imize the cleaning benefit obtained. These amide surfac-
tants may be used in nonionic/cationic surfactant mix-
tures having nonionic:cationic ratios of from about 1:1
to about 100:1. When they are used in the compositions
of the present invention, the mixtures have nonionic:ca-
tionic ratios of from 5:1 to about 1:1, preferably from 5:1
to about 3:3, more preferably about 10:3 to about 10:5,
particularly about 10:4. In nontonic/cationic systems,
the ratio of the total cationic and nonionic components
to the amide component in the composition 1s in the
range of from 5:1 to about 50:1, preferably from about
8:1 to 25:1. When these compositions are formulated in
accordance with the ratio and the preferred reduced
cationiCc monomer concentration limits given herein,
they result in excellent particulate soil removal perfor-
mance, as well as improved soil anti-redeposition char-
acteristics, and the development 1s described 1in U.S.
Patent Application Ser. No. 919,340, Cambre, filed of
even date and incorporated herein by reference, which
is a continuation-in-part of U.S. Patent Application Ser.
No. 811,419, filed June 29, 1977.

Amides useful in these preferred compositions in-
clude, but are not limited to, carboxylic acid amides,
sulfonic acid amides, phosphonic acid amides, and bo-
ronic actd amides. Preferred amides include those hav-
ing the formulae: |

R2
/
R!—S—N
/N N\
O O R?

RZ
|| /
Rl G N
AN
RZ

wherein Rl is a Cg-Cyp alkyl, alkenyl, alkyl phenyl or
alkyl benzyl group, preferably Cio-Cig alkyl, and most
preferably Ci alkyl; and each R2is hydrogen, or C;-Cg
alkyl or hydroxyalkyl, preferably hydrogen. Specific
examples of these compositions include a mixture of
stearoyl choline bromide (present in the washing solu-

tion at 120 parts per million), the condensation product

of coconut alcohol with 5 moles of ethylene oxide (pres-
ent in the wash solution at about 357 parts per million),
and a mmd-cut coconut alkyl ammonia amide
(R!=coconut alkyl and R? is hydrogen; present in the
wash solution at about 50 parts per million); and a mix-
ture of stearoyl choline bromide (100 ppm), the conden-
sation product of coconut alcohol with 5 moles of ethyl-
ene oxide (357 ppm), and lauramide (R!1=Cj; and R?is
hydrogen; at 45 ppm). These amides may also be used in
the surfactant mixtures described in U.S. Patent Appli-
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cation Ser. No. 919,181, Murphy, filed of even date, and
incorporated herein by reference, which have non-
ionic:cationic ratios of from 5.1:1 to about 100:1, prefer-
ably from 5.1:1 to about 50:1, particularly from about
6:1 to about 40:1, and most particularly from about 6:1
to about 20:1. In forming such compositions, which are
optimized for the removal of greasy/oily soils, the non-
ionic/cationic surfactant mixture should have a cloud
point of from about 0° to about 95° C., preferably from
about 10° to about 70° C., especially from about 20° to
about 70° C., and the surfactant mixture preferably has
a ratio which corresponds to a reduced cationic mono-
mer concentration of from about 0.002 to about 0.2,

especially from about 0.002 to about 0.15, particularly
from about 0.002 to about 0.08.

Additional Components

While the compositions of the present Invention may

-contain additive materials conventionally used in deter-
- gent compositions, the amount of anion-producing ma-

terials, and hence anions, which will make the particular
cationic surfactant used in the compositions non-water
dispersible should be minimized. Whether a particular
anion constitutes an “interfering anion” depends upon

the physical and chemical properties (such as structure

and dissociation constant) of the particular anions and
cationic surfactants used in a given composition. It is
preferred that anionic materials be contained in amounts
sufficiently small such that not more than about 10
molar percent, preferably not more than about 5 molar
percent, of the cationic surfactant contained in the laun-
dry solution, 1s complexed by the anionic material. Such
a complexing of the anionic material with the cationic
surfactant decreases the overall cleaning and fabric
conditioning performance of the composition.

Suitable anionic materials may be selected based on
their strength of complexation with the cationic mate-
rial included in the composition (as indicated by their
dissociation constant). Thus, when an anionic material
has a dissociation constant of at least about 1 10—3
(such as sodium toluene sulfonate), it may be contained
in an amount up to about 40%, by weight, of the cati-
onic surfactant; where the anionic material has a disso-
ciation constant of at least about 13X 105, but less than
about 1X 10—3, it may be contained in an amount up to
about 15%, by weight, of the cationic surfactant; and
where the anionic material has a dissociation constant of

less than about 1X10—3, (such as sodium Cji g linear

alkylbenzene sulfonate), it should be contained only in
amounts up to about 10%, by weight, of the cationic
surfactant. |

It 1s preferred, in order to minimize the effects of
~ interfering anions, that the compositions of the present
invention be substantially free of phosphate, polyphos-
phate, silicate, and polycarboxylate builder anions, car-
boxymethyl cellulose, and anionic surfactants; particu-
larly preferred are those which are substantially free of
phosphate, polyphospate, and carboxymethyl cellulose
materials. The compositions of the present invention
contain from 0 to about 20% of phosphate materials;

and, even though they contain no or low levels of phos- . '

phate materials, exhibit an outstanding level of particu-
late soil removal. It is preferred that the compositions
be substantially free of phosphate materials both for
performance and environmental reasons.

The compositions of the present invention may also
contain additional ingredients generally found in laun-
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dry detergent compositions, consistent with the restric-
tions on interfering anions, stated above, at their con-
ventional ari-established levels. Very low levels (i.e.,
from about 1 to about 15%) of electrolytes, such as
perborates, phosphates, polyphosphonates, carbonates
or sulfates, may have a beneficial effect on cleaning
performance,

The compositions of the present invention may con-
tain up to about 15%, preferably up to about 5%, and
most preferably from about 0.1 to 2%, of a suds suppres-
sor component. Typical suds suppressors include long
chain fatty acids, such as those described in U.S. Pat.
No. 2,954,347, 1ssued Sept. 27, 1960, St. John, and com-
binations of certain nonionics therewith, as disclosed in
‘U.S. Pat. No. 2,954,348, issued Sept. 27, 1960, Schwo-
eppe, both disclosures being incorporated herein by
reference. Other suds suppressor components useful in
the compositions of the present invention include, but
are not limited to, those described below.

Preferred suds suppressing additives are described in
U.S. Pat. No. 3,933,672, 1ssued Jan. 20, 1976, Bartolotta
et al., incorporated herein by reference, relative to a
silicone suds controlling agent. The silicone material
can be represented by alkylated polysiloxane materials
such as silica aerogels and xerogels and hydrophobic
silicas of various types. The silicone material can be
described as a siloxane having the formula:

i
B
II{, x

wherein x is from about 20 to about 2,000, and R and R’
are each alkyl or aryl groups, especially methyl, ethyl,
propyl, butyl and phenyl. The polydimethylsiloxanes
(R and R’ are methyl) having a molecular weight within
the range of from about 200 to about 200,000,. and
higher, are all useful as suds controlling agents. Addi-
tional suitable silicone materials wherein the side chain
groups R and R’ are alkyl, aryl, or mixed alkyl and aryl
hydrocarbyl groups exhibit useful suds controlling
properties. Examples of the like ingredients include
diethyl-, dipropyl-, dibutyl-, methyl-ethyl-, phenyl-
methyl-polysiloxanes and the like. Additional useful
silicone suds controlling agents can be represented by a
mixture of an alkylated siloxane, as referred to hereinbe-
fore, and solid silica. Such mixtures are prepared by
affixing the silicone to the surface of the solid silica. A
preferred silicone suds controlling agent is represented
by a hydrophobic silanated (most preferably trimethyl-
silanted) silica having a particle size in the range from
about 10 millimicrons to 20 millimicrons and a specific
surface are above about 50 m2/gm. intimately admixed
with dimethyl silicone fluid having a molecular weight
in the range from about 500 to about 200,000 at a weight
ratio of silicone to silanated silica of from about 19:1 to
about 1:2. The silicone suds suppressing agent is advan-
tageously releasably incorporated in a water-soluble or
water-dispersible, substantially non-surface-active de-
tergent-impermeable carrier. -

Particularly useful suds suppressors are the selfemul-
sifying silicone suds suppressors, described in U.S. Pat.
Application Ser. No. 841,078, Gault et al, filed Oct. 11,
1977 now UJ.S. Pat. No. 4,136,048, which is a continua-
tion-in-part of U.S. Patent Application Ser. No.
622,303, fi:ed Oct. 14, 1975, now abandoned, both of
which are .ucorporated herein by reference. An exam-
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ple of such a compound is DB-544, commercially avail-
able from Dow Corning, which contains a siloxane/-
glycol copolymer together with solid silica and a silox-
ane resin.

Microcrystalline waxes having a melting point in the
range from 35° C.-115° C. and a saponification value of
less than 100 represent additional examples of a pre-
ferred suds regulating component for use in the subject
compositions, such waxes are described in U.S. Pat. No.
4,056,481, Tate, issued Nov. 1, 1977, incorporated
herein by reference. The microcrystalline waxes are
substantially water-insoluble, but are water-dispersible
in the presence of organic surfactants. Preferred micro-
crystalline waxes have a melting point from about 65°
C. to 100° C., a molecular weight in the range from
400-1,000; and a penetration value of at least 6, mea-
sured at 77° F. by ASTM-D1321. Suitable examples of
the above waxes include: microcrystalline and oxidized
microcrystalline petroleum waxes; Fischer-Tropsch
and oxidized Fisher-Tropsch waxes; ozokerite; ceresin;
montan wax; beeswax; candelilla; and carnauba wax.

Alkyl phosphate esters represent an additional pre-
ferred suds suppressant for use herein. These preferred
phosphate esters are predominantly monostearyl phos-
phate which, in addition thereto, can contain di- and
tristearyl phosphates and monooleyl phosphates, which
can contain di- and trioleyl phosphates.

The alkyl phosphate esters frequently contain some
trialkyl phosphate. Accordingly, a preferred phosphate
ester can contain, in addition to the monoalkyl ester,
e.g., monostearyl phosphate, up to about 50 mole per-
cent of dialkyl phosphate and up to about 5 mole per-
cent of trialkyl phosphate |

Other compatible adjunct components which may be
included in the compositions of the present invention, in
their conventional art-established levels of use, include
bleaching agents, bleach activators, soil suspending
agents, corrosion inhibitors, dyes, fillers, optical bright-
eners, germicides, pH adjusting agents, enzymes, en-
zyme stabilizing agents, perfumes, fabric softening com-
ponents, static control agents, and the like. However,
because of the numerous and diverse performance ad-
vantages of the compositions of the present invention,
many components, such as static control agents, fabric
softening agents and germicides, will not usually be
necessary.

The compositions of the present invention may be
manufactured and used in a variety of physical forms,
such as solid, powder, granular, paste, or liquid. The
compositions are particularly well-suited for incorpora-
tion into substrate articles for use in the home launder-
ing process. Examples of such articles are described in
U.S. Patent Application Ser. No. 781,378, Flesher et al,
filed Mar. 25, 1977; U.S. Patent Application Ser. No.
781,400, Jones et al, filed Mar. 25, 1977 U.S. Pat. No.
4,118,525; U.S. Patent Application Ser. No. 781,399,
Jones, filed Mar. 25, 1977; and U.S. Patent Application
Ser. No. 781,385, Hagner et al, filed Mar. 25, 1977, now
U.S. Pat. No. 4,113,630, all of the disclosures of which
are incorporated herein by reference. These articles
consist of a water-insoluble substrate which releasably
incorporates an effective amount, preferably from about
3 to 120 grams, particularly from about 20 to 80 grams,
of the detergent compositions of the present invention.
A particularly preferred substrate article incorporates a
bleaching component and a bleach activator on the
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substrate, together W1th the HOHIOHIC/CatIOIllC surfac-
tant mixture.

In a particularly preferred method of maklng the

detergent compositions of the present invention, the

specifically defined nonionic and cationic surfactants,

present in ratios from about 1:1 to about 100:1, are inti-
mately and completely mixed at a temperature of from
about 25° C. to about 95° C., preferably from about 40°
C. to about 90° C., prior to the addition of any addi-
tional components. By using this process, the compo-
nents are taken from their original liquid or powder
form and are made into a thick paste, which 1s ideally
suited for use in the substrate articles, described above.
This process 1s described and claimed in concurrently
filed U.S. Patent Application Ser. No. 919,339, Cockrell
and Cambre, incorporated herein by reference, which is
a continuation-in-part of U.S. Patent Application Ser.
No. 811,418, filed June 29, 1977, now abandoned.
“When this process is used to make the compositions
of the present invention, the components are present in
nonionic:cationic ratios of from 5:1 to about 1:1, prefer-
ably from 5:1 to about 5:3, and more preferably from
about 10:3 to about 10:5, and are formed into mixtures
which satisfy the reduced cationic monomer concentra-
tion requirements, herein. In one particularly preferred
embodiment of this process, the components are inti-
mately mixed together at a temperature of about 25° C.
In this embodiment, 1t 1s preferred that the anion con-
tained in the cationic surfactant be bromide. Thus, when

stearoyl chlorine bromlde, a powder having the follow-
ing formula,

CH3

C17H35--C--0--CH2CH2—N+—CH3 Br—

CH;3

is intimately mixed at a temperature of about 25° C. with
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the condensation product of Ciz alcohol with 5 moles of 4,

ethylene oxide, a liquid, at a nonionic:cationic ratio of
about 10:4, a thick paste product is formed. Substan-
tially similar results are obtained when the nonionic
surfactant is the condensation product of coconut alco-
hol with 5 moles of ethylene oxide. N |

In another particularly preferred embodiment of this
process, the components are intimately mixed together

at a temperature of at least about 65° C. In this embodi-.

ment, it 1s preferred that the anion contained in the
cationic surfactant be chloride. Thus, when stearoyl
choline chloride, a powder, is intimately mixed at a
temperature of about 80" C. with the condensation
product of Cj; alcohol with 5 moles of ethylene oxide,
a liquid, at a nonionic:cationic ratio of about 10:4, a
thick paste product is formed. If the same components
are mixed together at about 25° C., the mixture remains
a liquid, which is much less de51rable for use in making
substrate articles. Substantlally similar results are ob-
tained when the nonionic surfactant is the condensation
product of coconut alcohol with 5 moles of ethylene
oxide. Where this process is used in making the compo-
sitions described in concurrently filed U.S. Patent Ap-
plication Ser. No. 919,181, Murphy, incorporated
herein by reference, nonionic:cationic ratios of from
5.1:1 to about 100:1, preferably from 5.1:1 to about 50:1,
more preferably from about 6:1 to about 40:1, and most
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duced cationic - monomer concentratlon definitions,
stated therein. - |
The compositions of the present Invention are used in
the laundering process by forming an aqueous solution
(preferably one having a temperature of from about 10°
to about 50° C.) containing from about 0.01 (100 parts
per million) to 0.3% (3,000 ppm), preferably from about
0.02 to 0.2%, and most preferably from about 0.03 to

~about 0.15%, of the nonionic/cationic detergent mix-

ture, and agitating the soiled fabrics in that solution.
The fabrics are then rinsed and dried. When used in this
manner, the compositions of the present invention yield
exceptionally good particulate soil removal perfor-
mance. Further, the compositions also provide fabric
softening, static control, and dye transfer inhibition
benefits to the fabrics laundered therewith.

Although not intending to be bound by theory, it is
believed that the clay removal mechanism is as follows.
At the optimum nontonic:cationic ratio, as defined by
the reduced cationic monomer concentration, the cati-
onic surfactant adsorbs onto the clay soil (negatively-
charged) in a mono-layer, neutralizing the charge. This
neutralized charge results in a hydrophobic surface
which increases the adsorption of the nonionic surfac-
tant onto the clay surface. The clay soil 1s then easily
removed by the agitation. -

It has been found that when the nonionic/cationic
compositions of the present invention are used in a
laundry solution, a threshhold concentration of at least
about 30, preferably about 100, most preferably about
150, parts per million on the cationic component must
be present in the laundry solution in order to give the
particulate soil removal benefit. Under conventional
United States laundry conditions, which generally uti-
lize from about 150 to 1500 parts per million of a deter-
gent composition in the laundry solution, nonionic sur-
factant to cationic surfactant ratios of from 5:1 to about
1:1 are necessary in order to provide this threshhold
concentration in the laundry solution. In washing pro-
cesses which utilize higher concentrations of detergent
composition, such as European washing processes, it is
possible to use higher nonionic surfactant to cationic
surfactant ratios, while still attaining the necessary cati-
onic threshhold concentration. Under these European
washing conditions it 1s possible to obtain excellent
particulate soil removal, in addition to outstanding
greasy and oily soil and body soil removal, using the:

 nonionic surfactant to cationic surfactant ratios of from
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preferably from about 6:1 to about 20:1, are used, in -

accordance with the cloud point and the preferred re-

5.1:1 to about 100:1 defined in concurrently filed U.S.
Patent Application Ser. No. 919,181, Murphy, i 1ncorpo-'
rated herein by reference.

All percentages, parts, and ratios used herein are by
welght unless otherwise Spemﬁed

The following nonlimiting examples illustrate the
compositions and the method of the present invention.

EXAMPLE I

Identical cotton, polyester/cotton, and polyester
swatches were stained with a clay-in-water suspension
and three stained swatches of each fabric type were
washed 1n a one gallon washing machine, which simu-
lates the action of a commercial washing machine, using
two different detergent compositions.
swatches was laundered using the commercially avail-
able built, brightener-containing laundry detergent
Tide, marketed by The Procter & Gamble Company, at
the equivalent of its recommended 13 cup usage level.
The second set of swatches was laundered in a deter- -

One set of
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- gent composition of the present invention, having the
following formulation:

Component % by Weight
Dicoconutalkyl dimethyl- 19
ammonium bromide

Condensation product of Ci4-15 48
alcohol with 7 moles of

ethylene oxide (Neodol 45-7)

HLB = 11.5

Sodium chioride 33

Cr = 0.0815

This detergent composition, having a nonionic:ca-
tionic ratio of about 10:4, was used in the aqueous laun-
dering solution at a concentration of about 500 ppm,
and had a pH in the laundry solution of about 6.5. The
wash water contained 7 grains per gallon of mixed cal-
cium and magnesium hardness, and the laundering oper-
ation lasted for 10 minutes at 100° F. (38° C.). A Hunter
Reflectometer was then used to obtain a reflectance
- reading for each of the laundered swatches. The clean-
ing effectiveness of the particular treatment was deter-
mined by averaging the reflectance readings of the
individual swatches. A higher reflectance reading indi-
cates greater cleaning effectiveness. |

This procedure was repeated twice for each of the
two detergent compositions and the reflectance read-
ings were averaged for the two runs. The conventional
built phosphate granular detergent yielded fabrics hav-
ing an average of 63.1 Hunter Whiteness Units, while
the detergent composition of the present invention
yielded fabrics having a value of 62.0 Hunter Whiteness
Units. These data demonstrate the outstanding clay soil
removal performance of the unbuilt compositions of the
_present invention, which equaled the performance pro-
vided by the conventional built, brightener-containing
detergent composition. |

Substantially similar cleaning results are obtained
where the detergent composition of the present inven-
tion does not contain the sodium chloride component,
indicating that for the particular detergent composition
defined -above, sodium chloride does not contribute
“interfering anions” to the laundry solution of the dis-
closed detergent compositions. |

Substantially similar results are also obtained where
the cationic surfactant used in the above composition is
replaced by Cj; alkyl trimethylammonium chloride,
Cis4 alkyl trimethylammonium bromide, di-Cio alkyl
dimethylammonium chloride, di-C,; alkyl dimethylam-

‘monium chloride, tri-Cg alkyl methylammonium bro--

mide, tri-Cjg alkyl methylammonium chloride, or the
cationic surfactants listed below:

7
HOH4C2"—IiJ+—C2H4OH Cll_ -

- Ci2Hzs

N —CH
| V4
C[gst—'C- Cl—

N+-—CH;

/N

- CHj; C12H25.

'CHs3

C13H37—I;J+'—'CH2 Cl—

CH;
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-continued
D . CHj3
C15H33_£|3—D—CH2CH2—I|\T+ ~CH;3; Br—
(|3H3

0 O CH3
| |

I .
C 14H29—'0—C—CI-IzCHg—C—D—CHgCHz—IEJ +—CHj Br—
CHj;

P
CioH21—O(CH,CH0) ;10— C—CH;—N+—CH;j3 Cl—

|
CHj

0
I

Substantially similar cleaning results are also obtained
where the cationic surfactant used above is replaced by
a mixture of dicoconutalkyl dimethylammonium bro-
mide (A) together with Cy; alkyl trimethylammonium
chloride (B) in a ratio of A:B of about 4:1, 3:1, 2:1, 1:1,
1:2, or 1:4; a mixture of

P
Ci7H35~C—0Q—CH;CH,—N+—~—CH3 Br—

l
CH3

0 (C)
|

together with di-Co alkyl dimethylammonium chloride
(D) m a ratio of C:D of about 5:1, 3:1, 1:1, 1:3 or 1:5; or
a mixture of C, above, together with

0 CH;3 (E)
il |

C12HrsO(CHCH20)—~CH—~C—0—CH;CHs~N+—CH3 Cl—

I
CH;

in a ratio of C:E of about 7:1, 3:1, 2:1, 1:1, 1:2, 1:3, 1:4,
or 1:7. |
Essentially similar results are also obtained where the
nonionic component of the above composition is re-
placed with the condensation product of Cig alcohol

with 3 moles of ethylene oxide (HLB=9), the conden-
- sation product of coconut alcohol with 5 moles of ethyl-

ene oxide, the condensation product of coconut alcohol
with 7 moles of ethylene oxide (HLB=12.8), the con-
densation product of Ci3.13 alcohol with 6.5 moles of
ethylene oxide (HLB = 12), the condensation product of
Ci2-13 alcohol with 3 moles of ethylene oxide
(HLB=17.9), and the same product which is stripped so
as to remove unethoxylated and lower ethoxylate frac-
tions, the condensation product of Cj2 alcohol with 5
moles of ethylene oxide, the condensation product of
Ci2-13 alcohol with 9 moles of ethylene oxide, and the
condensation product of Cis.15 alcohol with 3, 4 or 9
moles of ethylene oxide. A mixture of the condensation
product of Cj4-15 alcohol with 3 moles of ethylene oxide
together with the condensation product of Ci4.15 alco-
hol with 7 moles of ethylene oxide in a ratio of lower
ethoxylate nonionic to higher ethoxylate nonionic of
about 2:1, or the mixture of the condensation product of
coconut alcohol with 5 moles of ethylene oxide to-
gether with an alkyl glyceryl ether having the struc-
tural formula:

Ci12H25—OCH>CH—CH-»OH

]
OH
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in a ratio of alcohol ethoxylate to glyceryl ether of
about 7:3.
Results substantially equivalent to those obtalned
above are also obtained where the detergent composi-
tion has a ratio of nonionic surfactant to cationic surfac-
tant of 1:1, 10:3, 5:3, 10:5, or 5:1.

Substantially similar results are also obtained where
the detergent composition is formulated, such as by the
addition of monoethanolamine, to have a pH in the
laundry solution of about 7, 8, 8.5, 9 or 10.

EXAMPLE 11

Identical cotton, polyester/cotton, and polyester
swatches were stained with bacon grease and dirty
motor oil and were aged for about 24 hours. The
swatches were then washed in a one gallon washing
machine, which simulates the action of a commercial
washing machine, using two different detergent compo-
sitions. The first group of swatches was washed using a
heavy-duty liquid laundry detergent composition, opti-
mized for grease and oil removal, having the formula-
tion given below, at its recommended usage level.

Component % by Weight
Neodol 45-7 - 15.0

Mg Linear alkyl benzene 31.3
sulfonate

Triethanolamine 3.5
Ethanol 6.5
Coconut alkyl fatty acid 1.0
Water 41.8

Brightener and minors
(brighteners, perfume, etc.)

Balance to 100

The second group of swatches was washed in a laun-
dry detergent composition of the present invention
having the following formulation:

Component

CH;4
|| |
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grains per gallon of mixed calcium and magnesium
hardness. The percentage stain removal for each swatch

was calculated using light reflectance readings, ob-
tained on a Gardner color measurement device, taken
before and after the washing process. The average per-
cent stain removal for each of the detergent composi-

‘tions tested is summarized in the table below:

Average % Stain
Removal (across
3 fabric types)

- Bacon Dirty

QGrease Motor Oil
Liguid laundry composition 58.2 45.5
Nonionic/cationic mixture 58.8 57.5

These data demonstrate the effective grease and oil
removal obtained using the preferred cationic compo-
nents in the detergent compositions of the present in-
vention. The detergent composition of the present in-
vention, as formulated above, also yields excellent par-
ticulate soil removal performance, and gives fabric soft-
ening, static control and dye transfer inhibition benefits
to fabrics laundered therewith.

Substantially similar results are obtained where the
nonionic component of the above composition is re-
placed by the condensation product of Cjgalcohol with
3 moles of ethylene oxide, the condensation product of

Ci7 alcohol with 5 moles of ethylene oxide (HLB=11),

the condensation product of coconut alcohol with 5
moles of ethylene oxide, the condensation product of

~ coconut alcohol with 7 moles of ethylene oxide, the

35

Ci2Ha SMO(CHQCHQO)?“’CHZ“CMOMCHQCHZWN + ““*CH}, Cl—

|
CH3

Condensation product of Cio_13
alcohol with 3 moles of
ethylene oxide, stripped to
remove lower ethoxylate and

unethoxylated fractions
(Neodol 23-3T)

The detergent composition of the present invention
had a ratio of nonionic surfactant to cationic surfactant
of about 10:4 and was used in the aqueous laundering
solution at a concentration of about 500 ppm, having a
pH 1n the laundry solution of about 6.5. The fabrics
were washed for about 10 minutes 1n water having a
temperature of about 100° F. (38" C.), containing 7

C4H70—0O(CH>CH,0)y~~CH3~~C~~0O~~CH>CHy=Nt-— CH 3

Ci12H25—0O(CH,CH0)9—=CH—C~-0—CH,CH,— N+--CH;
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condensation product of Cyz.13 alcohol with 6.5 moles
of ethylene oxide, or the condensation product of Ci4.15
alcohol with 7 moles of ethylene oxide.

Substantially similar results are also obtained when

% by Weight
28.6

71.4

the ratio of nonionic surfactant to cationic surfactant

used in the above composition is 10:3, 20:7, 10:5, 20:11,

5:3, 5:4, or 1:1.
Similar results are also obtalned where the cationic

surfactant, used above, is replaced by one of the follow-
ing surfactants: |

| : CH3
Il |
| Br—
CHj

o CH;
{ | -
- Br—

CH;
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-continued
i P
C10H21—O(CH2CH20)]D""C"‘CH2—1;J+'-CH3 Cl—
| CH;
SRR T
Ci3Hy»7—O(CH>,CH»Q)g— C =~ =C—C“"O—CH2CH2"—'[:’I\I“ —~{_Hy ]
CH_;
T P
C11Hy3—O(CH2CH,CHCH0)7—C—CHy—~N+—CH; Br-

!I
H3

EXAMPLE III

A detergent composition of the present invention was
formulated by combining the condensation product of
coconut alcohol with 5 moles of ethylene oxide
(HLB=10.5) together with one of the preferred cati-
onic surfactants of the present invention having the
formula:

CH;3

|
Ci7H35—C—0O—CHCH;— N+ —CHj3

|
CH;j

0O
)
Cl—

In a ratio of nonionic surfactant to cationic surfactant of
about 10:4 (Cg 0.071). This detergent composition had a
pPH 1n the wash solution of about 8.5, and was used in
the washing solution at a concentration of about 500
ppm. A second detergent composition of the present
mvention was formulated by combining the same non-
1onic and cationic surfactants in the same ratio as above.
The composition also contained monoethanolamine as
~an alkalinity source, in an amount such that the mono-
ethanolamine was present at about 30 ppm in the wash-
ing solution when the entire composition was used at a
concentration of about 530 ppm. The pH of the second
detergent composition in the laundry solution was
about 9.3. |

- Identical polyester/cotton blend swatches were
stained with a mixture of soil collected from air condi-
tioning filters and a mineral oil/olive oil/oleic acid
blend. The stained swatches were then washed using
each of the above two detergent compositions in a one
gallon washing machine which simulates the action of a
commercial washing machine. The washing operation
was carried out for 10 minutes using water having a
temperature of about 100° F. (38° C.) and containing 7
grams per gallon of mixed calcium and magnesium
hardness.

The soil removal performance was calculated by
using the weight removal percentage, averaged across
the three stained swatches washed in each composition.
Both compositions gave excellent soil removal perfor-
mance. However, the cationic/nonionic mixture con-
taining monoethanolamine and having the higher alka-
linity had a soil removal of about 73%, while the lower
- pH cationic/nonionic mixture had a soil removal of
about 50% . These data demonstrate that improved soil
removal p_.-formance is obtained by the use of ca-

20 tionic/nonionic detergent compositions having a higher
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alkalinity such as that obtained by the inclusion of
monoethanolamine.

Substantially similar results are obtained when other
sources of alkalinity, such as sodium hydroxide, sodium
carbonate, triethanolamine, and sodium silicate, are
used, in comparable amounts, in place of or in combina-
tion with the monoethanolamine.

Similar results are also obtained where the nonionic
component used above is replaced by the condensation
product of Cip alcohol with 3 moles of ethylene oxide,
the condensation product of coconut alcohol with 6
moles of ethylene oxide, the condensation product of
coconut alcohol with 7 moles of ethylene oxide, the
condensation product of Cy2.13 alcohol with 6.5 moles
of ethylene oxide, the condensation product of Ci4-1s
alcohol with 7 moles of ethylene oxide, or the condensa-
tion product of Cj3.13 alcohol with 3 moles of ethylene
oxide stripped so as to remove the lower ethoxylate and
unethoxylated fractions. |

Excellent cleaning results are also obtained where the
detergent compositions used contain nonionic to cati-
onic surfactant ratios of about 5:1, 4:1, 10:3, 20:7, 20:9,
2:1, 5:3, or 1:l. |

Excellent cleaning results are also obtained where the
nonionic component is replaced by a mixture of the

condensation product of Cis-15 alcohol with 3 moles of

ethylene oxide together with the condensation product
of Ci4-15 alcohol with 7 moles of ethylene oxide, in a
ratio of lower ethoxylate nonionic to higher ethoxylate
nonionic of about 2:1; or a mixture of the condensation

product of coconut alcohol with 5 moles of ethylene
oxide together with an alkylglyceryl ether having the

formula:

C12H5—0OCH,CH~CH->,OH
OH

in a ratio of alcohol ethoxylate to glyceryl ether of
about 7:3.

Substantially similar cleaning results are also obtained
where the cationic component is replaced by Ci; alkyl
trimethylammonium chloride, Ci4 alkyl trimethylam-
monium bromide, di-Cjg alkyl dimethylammonium bro-
mide, di-Cj; alkyl dimethylammonium chloride, tri-Cg
alkyl methylammonium bromide, tri-Cip alkyl me-
thylammonium chloride, or cationic components hav-
ing the formulae given below:
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N < CH>
Vs
Ci4H9—C

N
- Nt+«=-CH>
7N\
CH3 CraHy9
CHj3

i |
C|6H33*~C—_O--CH2CH2--IIJ+—CH3 Cl—
| CH3 |
0
|

Br—

I e
C]2H35‘“O“‘"C'—'CH2CH2—C-‘O“CH2CH21|\T+—CH3 Cl—

- CHj3
R I S
Br— CH3--+II\I—-CHQCHZ-O-—C-—(CHZ)H—-C-'--O-CH:;CHZ—TI'”—CHB Br—
CH; CH3

T
Ci1oH21—O(CHCH,0)1g—C—~—CHy;—N T ~CHj;

|
CH;

O
|
Cl-

EXAMPLE IV 5

A detergent composition of the present invention was
tormulated by combining the condensation product of
coconut alcohol with 5 moles of ethylene oxide to-
gether with the cationic surfactant having the formula:

30

sition, which additionally contained the amide compo-
nent, yielded terry cloths having a reflectance of 71
Hunter Whiteness Units. These data demonstrate the
improved soil antiredeposition properties which are
obtained by the inclusion of an amide component in the

cationic/nonionic detergent compositions of the present
o CHj Invention. - |
I [ | Substantially similar results are obtained where the
C17H35“C"0“CH2CH2_T+“CH3 Cl= amide component is present in such an amount such that
the concentration of amide in the washing solution is
about 80 ppm, 75 ppm, 65 ppm, 55 ppm, 40 ppm, or 30
ppm. Similar results are also obtained where the amide
component used above is replaced by amides having the
formula: - |

CHj3 35

such that the ratio of nonionic surfactant to cationic
surfactant was about 10:4. The detergent composition
was used in the laundry solution at a concentration of
about 500 ppm. A second detergent composition of the 40

present invention was formulated so as to contain the o R R2
same nonionic and cationic components in the same N7 S
ratio, but which additionally contained a Cjs.16 alkyl R _C“N\ or R _//S{ N\ |
fatty acid ammonia amide, present in an amount such R? O O R?

that the amide component would be present in the 45
washing solution at a concentration of 50 ppm when the
composition was used at a concentration of 500 ppm.-
This composition had a pH in the laundry solution of
about 8.4. Nine swatches (3 cotton, 3 polyester, and 3
polyester/cotton blend), were stained with a clay-in-
water suspension and were washed in a one gallon
washing machine which simulates the action of a com-
mercial washing machine, using each of the above two

wherein Rl is Cg alkyl, Cjg alkyl, Ciz alkyl, Cy3 alkyl,
Ci5 alkyl or Cy7 alkyl, and R2? is hydrogen, methyl,
ethyl, propyl, or hydroxymethyl. @

Excelient results are also obtained where the non-
lonic surfactant used above is replaced by the condensa-
tion product of Cyp alcohol with 3 moles of ethylene
- oxide, the condensation product of coconut alcohol

with 6 moles of ethylene oxide, the condensation prod-
detergent compositions. Two 11”7 x11” 100% cotton uct of coconut alcohol with 7 moles of ethylene oxide,
terry cloths, with loop construction, were added to 55 the condensation product of Cjz.13 alcohol with 6.5
each washing machine as redeposition sites for the soil .= moles of ethylene oxide, the condensation product of
removed from the. stained swatches. The washing pro- C14-15 alcohol with 7 moles of ethylene oxide, or the
cess was carried out for 10 minutes in water of about condensation product of Cj3.13 alcohol with 3 moles of
100" F. (38 C.), containing 6.5 grains per gallon of ethylene oxide stripped so as to remove nonethoxylated
mixed calctum and magnesium hardness. After washing 60 and lower ethoxylate fractions. Excellent results are
the cloths in the respective test treatments and subse- also obtained wherein the nonionic component is re-
quently drying them, the reflectance of the terry cloths ‘placed by a mixture of the condensation product of Cyo
were read using a Hunter Reflectometer. The cleaning  alcohol with 3 moles of ethylene oxide together with
performance of both detergent compositions on the the condensation product of a secondary. C;5 alcohol |
stained swatches was excellent. In addition, the first 65 with 9 moles of ethylene oxide, in a ratio of lower
composition, containing only the nonionic and cationic ehoxylate nonionic to higher ethoxylate nonionic of
components, yielded terry cloths having a reflectance = about 3:1; or the mixture of the condensation product of
of 53 Hunter Whiteness Units, while the second COmpo- coconut alcohol with 5 moles of ethylene oxide to-

30
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gether with an alkyl glyceryl ether having the formula:

C12H25-—0CH2(|3H-— CH>0H
OH

wherein the ratio of nonionic surfactant to glyceryl
ether is about 3:1.

Substantially similar results are also obtained wherein 1g
the ratio of nonionic surfactant to cationic surfactant in

the above compositions is 5:1, 10:3, 20:7, 20:9, 2:1, 5:3,

or 1:1. |

Excellent results are also obtained where the cationic
component of the above compositions is replaced by
- Cy2 alkyl trimethylammonium chlortde, Ci4 alkyl tri-
methylammonium chloride, di-Cyp alkyl dimethylam-
monium bromtde, di-Ci3 alkyl dimethylammonium bro-
mide, tr1-Cg alkyl methylammonium chloride, or tri-Cig
alkyl methylammonium bromide.

EXAMPLE V

15

20
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tion, as well as providing excellent cleaning perfor-
mance.

A substrate article may also be made by coating one
side of an 11" X 11" sheet of melt-blown polypropylene,
having a thickness of about 29 mils, a basis weight of
about 58.3% grams per sq. yd., and an air permeability of
about 66 cu.ft./min./sq. ft., with about 60 grams of the
detergent composition described above, placing an
identical substrate sheet over the coated sheet, and heat-
sealing together the edges of the two substrates, enclos-
ing the detergent composition within the article.

Similar articles may be manufactured wherein the
cationic surfactant is stearoyl choline bromide. In this
case, the cationic and nonionic surfactants are inti-
mately mixed at a temperature of about 25° C,, to form
a thick paste, and the remaining components are added.

EXAMPLE VI

A heavy-duty liquid laundry detergent composition,
having the formula given below, is formulated by mix-
ing together the following components in the stated
proportions.

Component Weight %
{fi'fl) || Hj 14.3
| 1 4
C12H25—O(CH,CHYO)y—CHy~C—0O~CH>CH;— '[_‘I\T—CH;; Cl—
~H
Condensation product of coconut 35.7
alcohol with 5 moles of
ethylene oxide
Monoethanolamine 45.0
Lauramide 4.0
Minors (suds suppressor, perfume 1.0

brightener, etc.)

Cr = 0.026

A substrate article, for use in the automatic launder-
ing operation, is made by coating one side of an 8"’ X 11"
sheet of a Scott 8050 Industrial Towel, having an air 40
permeability of about 130 cu. ft./min./sq. ft., a basis
weight of about 77.5 grams per sq. yd.; and a thickness
of 44 mils, with about 50 grams of a composition having
the formulation given below. The composition is made
by intimately 'mixing the nonionic and cationic surfac-
- tants together, at a temperature of about 80° C,, to form

a thick paste, and then adding the remaining compo-
nents. -

45

50
Component Weight %
QO - CHj 24.6
| | | +
C17H35—C—0'“CH2CH2"'I;I—CH3 Cl—
| CHj3 54
~ Condensation product of 51.6
. coconut alcohol with 5
moles of ethylene oxide
Ci2-16 alkyl fatty acid 8.6
ammonia amide
Monocethanolamine | 5.2 50
| Cr = 0.057

- An identical sheet of the paper towel is placed on top
of the coated original sheet, and the edges are sewn
together so as to enclose the composition. This article
has a pH in the laundry solution of about 9.5, and pro-
- vides a convenient method for introducing the composi-
tions of the present invention into the laundering solu-

65

This product, when used in an automatic laundering
operation at a concentration of about 0.05%, has a pH
of about 9.5 and provides excellent removal of both
particulate and greasy/oily soils, as well as exhibiting
good antiredeposition properties.

EXAMPLE VII

A solid particulate detergent composition of the pres-
ent invention, having the formulation given below, is
made by mixing together the following components.

Component Weight %
Dicoconut alkyl dimethylamonium 14.3
bromide |
Condensation product of coconut 35.7
alcohol with 5 moles of

ethylene oxide

Sodium bicarbonate 45.0
Ci2-16 alkyl fatty acid ammonia 4.0
amide

Minors (suds suppressor, perfume, 1.0

(etc.)
Cr = 0.0466

This product, when used in an automatic laundering
operation, at conventional usage concentrations, has a
pH of about 10, and provides excellent particulate soil
removal. It is to be noted that as to the detergent com-
position, defined above, bicarbonate anions do not con-
stitute “interfering anions” (i.e., excellent performance
1s obtained even when such anions are present in the
laundry solution).
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EXAMPLE VIII

A cationic surfactant having the fermu]a given below
1s prepared as follows.

CH;3

O
| l
CiyHys—O(CH,CH»O)~CHy~C~~ O~ CHyCH~-NT—CH;3; Cl—

:
CH;

44 Grams of an anhydrous sodium alky! ethoxy ace-
tate, having the formula given below and prepared by
the azeotropic removal of water from Sandopan DTC
Gel (Sandoz Chemical), were dissolved in 100 ml. of
methylene chloride at room temperature.

II
Clgng"“O(CHgCHgO)?CHg— C—0~

Nat

18.8 Grams of oxalyl chloride were added rapidly to
the solution and the reaction mixture was left standing
overnight. The solvent and the excess oxalyl chloride
were then removed from the mixture by vacuum distil-
lation, yielding the acid chloride corresponding to-the
sodium alkyl ethoxy acetate shown above.

40 Grams of the acid chloride product were then
dissolved in 100 ml. of methylene chloride, in a two
neck reaction vessel, equipped with a reflux condenser
and dropping funnel.
thylaminoethanol were then added dropwise from the
dropping funnel into the reaction mixture, at a rate such
that the reaction heated to a boil. The reaction was
stirred at reflux during the addition step, and was al-
lowed to stir overnight at ambient temperature. The
methyl chloride solution was then washed with an aque-
ous base solution, following by two water washes. The
separated organic layer was dried over sodium sulifate,
and then stripped under vacuum to yield about 39 grams
of amine ester corresponding to the sodium alkyl ethoxy
acetate compound described above.

37 Grams of this amine ester compound were then

placed in a round bottom flask, equipped with a reflux
condenser and a dropping funnel. An excess of 100dome-
thane was added rapidly to the amine ester, causing the
reaction mixture to boil during the addition. After the
reaction subsided, the mixture was left standing over-

night and was then stripped under vacuum, yielding 43

grams of the desired choline ester cationic surfactant
having the formula given above. - -
‘This cationic surfactant, when used in the detergent
compositions described herein, yields outstanding par-
ticulate soil removal, as well as excellent greasy and oily
soil and body soil removal, in addition to providing
static control, fabric softening, and dye transfer inhibi-
tion benefits to fabrics laundered with the compositions.

EXAMPLE 1X

A stearic acid choline ester cationic surfactant, hav-
ing the formula given below, was prepared in the fol-
lowing manner.

i T
C 7H;5"'C“‘“0“"CH2CH2“"N+ "‘"CH;

|
CH;3

Cl—

12.2 Grams of N,N-dime- “~
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200 Grams of stearic acid, 138 grams of N,N-dime-

thylaminoethanol, 6 grams of concentrated sulfuric acid
and 2000 ml. of benzene were combined in a flask
equipped with a Dean-Stark water trap and a reflux
condenser. The mixture was stirred at reflux, through
the water trap, for four days, during which time the
theoretical amount of water had collected. The reaction
mixture was cooled to room temperature and then
washed with a dilute calcium hydroxide solution, fol-
lowing by three water washes. The solution was then-

dried over sodium sulfate and stripped under vacuum,

yielding an amine ester. |

The reaction product formed above was dissolved i in
1000 ml. of 80/20 acetone/methylene chloride solvent.
Methyl chloride was bubbled into the solution, which
thickened as the quaternary ammonium ester began to
precipitate out of solution. The reaction mixture was
saturated with methyl chloride and then allowed to
stand overnmight. The white, crystalline solid product
was isolated by vacuum filtration, washed with acetone,
and then dried in a vacuum oven, yielding 185 grams of
the desired stearoyl choline ester cationic surfactant.

This biodegradable cationic surfactant, when used in
the detergent compositions defined herein, yields excel-
lent particulate soil removal performance, as well as
fabric softening, static control and dye transfer inhibi-
tion benefits to fabrics laundered with those composi-
tions.

What 1s claimed is:

1. A detergent composition, having a pH of at Ieast
about 6.5 1n the aqueous laundry solution, being sub-
stantially free of oily hydrocarbon materials, fatty acid
polyglycol ether diester materials, and cationic materi-
als containing about 13 or more ethylene oxide groups,
and containing from O to about 20% phosphate materi-
als, consisting essentially of about 10% to about 95% of
a surfactant mixture consisting essentially of: |

(a) a biodegradable nonionic surfactant having the
formula R(OCyH4),OH, wherein R is a primary or
secondary alkyl chain of from about 8 to about 22
carbon atoms and n is an average of from about 2 to
about 12, having an HLLB of from about 5 to about
17;

(b) a cationic surfactant, free of hydrazlnlum groups,
having the formula R,,!Rx2Y;Z wherein each Rlis
an organic group containing a straight or branched
alkyl or alkenyl group optionally substituted with
up to three phenyl or hydroxy groups and option-
ally interrupted by up to four structures selected
from the group consisting of

O O QO R2
|l I |
—C— (=, = Qe C o, o Coore N oo
R?¢ O O H 'H O
| | - |l -
e N G | e o N | s N G| e Q—,
0 O H H O
| | - B
—0—C—0—, —0O—C~=N==, ewNu==C

and mixtures thereof, said R! containing from
about 8 to about 22 carbon atoms, and may addi-
tionally contain up to 12 ethylene oxide groups; m
is a number from 1 to 3, with no more than one R!
group in a molecule having a total of 16 or more
carbon atoms when m 1s 2, or more than 12 carbon
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atoms when m is 3; each R2is an alkyl or hydroxy-
alkyl group containing from 1 to 4 carbon atoms or
a benzyl group, with no more than one R? in a
molecule being benzyl; x is from 0 to 11, the re-
mainder of any carbon, atom positions being filled

by hydrogens; Y is selected from the group consist-
ing of:

(1)

(2)

(3)

(4)

. (5)
—N - ,
|
(C2H40),H
((,I:2H40)pH

—N+—

|
(C2H40),H

wherein p i1s from 1 to 12,

(6)

,  wherein each p i1s from 1 to 12,

(7)

{8)
C
SN S
N N
I +|
C C
/ \\N’/ \ y and

(9) mixtui‘_es thefeof; o
L is 1 or 2, the Y groups being separated by a moiety

selected from the group consisting of R! and R?

analogs having from 1 to about 22 carbon atoms
and two free carbon single bonds when L is 2; Z is
an anion in a number sufficient to give electrical
~ neutrality to the molecule; said cationic surfactant
being at least water-dispersible in admixture with
said nonionic surfactant;
the ratio of said nonionic surfactant to said cationic
surfactant being in the range of from about 1:1 to 5:1
and the balance of the composition being selected from
the group consisting of: up to about 15% of an electro-
lyte selected from the group consisting of perborates,
phosphates, polyphosphonates, carbonates and sulfates;
sources of alkalinity selected from the group consisting
of sodium hydroxide, triethanolamine, monoethanol-
~ amine, and sodium silicates; up to 15% of a suds sup-
- pressor selected from the group consisting of long chain
fatty acids, silicone suds controlling agents, microcrys-
talline wexes, and alkyl phosphate esters; water; etha-
nol; sodiu... chloride; up to about 40% by weight of
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40 |
sodium toluene sulfonate by weight of the cationic sur-
factant; up to 10% by weight of sodium linear alkyl
benzene sulfonate by weight of the cationic surfactant;
and mixtures thereof.

2. A composition according to claim 1 wherein p is

from 1 to 10, and Y is selected from the group consisting
of:

\N/ (|3
| St | |
— Nt e, —C { , —NT~— , —=N+— )
| N | |
N—{= '(C2H4O)pH (C-H40) pH

and mixtures thereof.

3. A composition according to claim 2 wherein in the
nonionic surfactant R is a Cjpto Cig alkyl group and n
1s from 2 to 9.

4. A composition according to claim 1 wherein said
surfactant mixture has a reduced cationic monomer
concentration of from about 0.005 to about 0.2.

>. A composition according to claim 4 which is sub-
stantially free of phosphate, polyphosphate, silicate, and
polycarboxylate builder anions, carboxymethylcellu-
lose, and anionic surfactants.

6. A composttion according to claim 4 which may
contain anion-producing materials selected from the
group consisting of: materials having a dissociation
constant of at least about 1X10—3, in amounts up to
about 40%, by weight, of the cationic surfactant; ani-
onic materials having a dissociation constant of at least
about 1X 10— and less than about 1 X 10—3, in amounts
up to about 15%, by weight, of the cationic surfactant;
and materials having a dissociation constant of less than
about 1 X 10—3, in amounts up to about 10%, by weight,
of the cationic surfactant.

7. A composition according to claim 4 which has a
pH of greater than about 7 in the laundry solution.

8. A composition according to claim 4 which con-
tains less than about 10% of the cationic surfactant.

9. A composition according to claim 4 wherein said
surfactant mixture has a reduced cationic monomer
concentration of from about 0.008 to about 0.15.

10. A composition according to claim 9 wherein said
surfactant mixture has a reduced cationic monomer
concentration of from about 0.01 to O.1.

11. A composition according to claim 4 wherein L is
equal to 1.

12. A composition according to claim 11 wherein, in
the nonionic surfactant, R is a Cyo to C;3 alkyl group.

13. A composition according to claim 12 wherein, in
the nonionic surfactant, R is a substantially linear alkyl
group.

14. A composition according to claim 13 wherein, in
the nonionic surfactant, n is from 2 to 9.

15. A composition according to claim 14 wherein, in
the nonionic surfactant, n is from 2 to 7.

16. A composition according to claim 11 wherein said
surfactant mixture has a reduced cationic monomer
concentration of from about 0.005 to about 0.2

17. A composition according to claim 16 wherein the
surfactant mixture has a reduced cationic monomer

“concentration of from about 0.008 to about 0.15.
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- 18. A composition according to claim 17 ‘wherein the

surfactant mixture has a reduced cationic monomer
concentration of from about 0.01 to about O.1.

19. A composition according to claim 11 which con-
tains from about 10% tc about 95% of the surfactant
- mixture. - |
20. A compcsnlcn acccrdlng to claim 19 wherem pis

from 1 to 10, and Y is selected from the group consisting
of: | o

\N/(l: . B
-—l— (C>rH40),H
|/ | O
—N+—, —=C | , =N*t— ', =NT= |

| N | | l
N—C— (CH4O)pH  (C2H4O)pH

and mixtures thereof.

21. A ccmpcsxtlcn according to claim 20 wherein the
ratio of nonionic surfactant to catlonlc surfactant is
from 3:1 to about 5:3.°

22. A composition accordlng to claim 20 wherein, in
the cationic surfactant, m is equal to 2, x 1s equal to 2,
and each R!is a Cigto Cy4 alkyl group.

23. A cempcsnlen according to claim 22 wherem the
nonionic surfactant is selected from the group consist-
ing of the condensation product of Cjg alcohol with 3
moles of ethylene oxide, the condensation product of
coconut alcohol with 5 moles of ethylene oxide, the
condensation product of Ciz alcohol with 5 moles of
ethylene oxide, the condensation product of Cj2.13 alco-
hol with 3 moles of ethylene oxide, and the same con-
densation product which is stripped so as to remove
lower and nonethoxylated fractions, the condensation
product of Ci3-13 alcohol with 6.5 moles of ethylene
oxide, the condensation product of Cy3.13alcohol with 9

moles of ethylene oxide, the condensation product of

C14-15 alcohol with 3 moles of ethylene oxide, the con-

densation product of Cjs.15 alcohol with 4 moles of

ethylene oxide, the condensation product of Ci4.15 alco-
hol with 7 moles of ethylene oxide, the condensation
product of Ci4.15 alcohol with 9 mcles of ethylene ox-
ide, and mixtures thereof. |

24. A composition according to claim 22 wherein, 1n
the cationic surfactant, each Rlis a coconutalkyl group,
the nonionic surfactant is selected from the group con-
sisting of the condensation product of Cy2-C;3 alcohol
with 4 to 8 moles of ethylene oxide, the condensation
product of Cj4-Cjs alcohol with 4 to 8 moles of ethyl-
ene oxide, and mixtures thereof, and the nonionic:ca-
tionic surfactant ratio is from 35:1 to about 1:1.

25. A composition according to claim 20 wherein, in
the cationic surfactant, m is equal to 3, x 1s equal to 1,
and each Rlis a Cgto Cy2 alkyl group.

26. A composition according to claim 25 wherein, in
the cationic surfactant, each Rlis a Cyj alkyl group, the
nonionic surfactant is selected from the group consist-
ing of the condensation product of Ci>-Cj3 alcohol

with 6 to 10 moles of ethylene oxide, the condensation

product of C14~-C15alcohol with 6 to 10 moles of ethyl-
ene oxide, and mixtures thereof, and the nonionic:ca-
tionic surfactant ratio is from 5:1 to about 1:1.

27. A composition according to claim 26 wherein the
ratio of nonionic surfactant to cationic surfactant is
from 5:1 to about 5:3.

28. A cempcsmcn according to claim 25 wherein the
nonionic surfactant is selected from the group consist-
ing of the condensation product of Cjip alcohol with 3

42

moles of ethylene oxide, the condensation product of

coconut alcohol with 5 moles of ethylene oxide, the

condensation product of Cj2 alcohol with 5 moles of
ethylene oxide, the condensation product of Cy;-13 alco-
hol with 3 moles of ethylene oxide, and the same con-
densation product which is stripped to remove lower

 and nonethoxylated fractions, the condensation product
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of Ci7.13 alcohol with 6.5 moles of ethylene oxide, the
condensation product of Ci3.13 alcohol with 9 moles of
ethylene oxide, the condensation product of Cj4.15alco-
hol with 3 moles of ethylene oxide, the condensation -
product of Cj4.15 alcohol with 4 moles of ethylene ox-
ide, the condensation product of Cjs.15 alcohol with 7
moles of ethylene oxide, the condensation product of
C14.15 alcohol with 9 moles of ethylene oxide, and mix-
tures thereof. | |

29. A composition according to claim 25 wherein, in
the cationic surfactant, each R1is a Cg.1g alkyl group,
the nonionic surfactant is selected from the group con-
sisting of the condensation product of Cj;-Cj3 alcohol
with 5 to 10 moles of ethylene oxide, the condensation

product of C14~C1s alcohol with 6 to 10 moles of ethyl-

ene oxide, and mixtures thereof, and the nonionic:ca-
tionic surfactant ratio is from about 3:1 to about 1:1.
30. A composition according to claim 20 which addi-

‘tionally contains up to about 5% of a suds suppreseor

component.
31. A composition according to claim 20 which may
contain anion-producing materials selected from the

~group consisting of: materials having a dissociation

constant of at least about 1X10—3, in amounts up to
40%, by weight, of the cationic surfactant; materials
having a dissociation constant of at least about 1 X 10—2
and less than about 1X 10—3, in amounts up to about
15%, by weight, of the cationic surfactant; and materi-
als having a dissociation constant of less than about
1 X 103, in amounts up to about 10%, by weight, of the
cationic surfactant.

32. A composition according to claim 20 wherein the
nonionic surfactant has an HLB of from about 10 to
about 13.3. g |

33. A composition according to claim 32 wherein, in
the cationic component, m 1s equal to 2 or 3, and each
R1!is an alkyl group.

34. A compostition acccrding to claim 20 wherein, in

the cationic surfactant, m is equal to 1, x 1s equal to 3,

and R1lis a Cigto Cig alkyl group.

35. A ccmposmcn according to claim 34 wherein the
nonionic surfactant is selected from the group consist-
ing of the condensation product of Cjp alcohol with 3
moles of ethylene oxide, the condensation product of
coconut alcohol with 5 moles of ethylene oxide, the
condensation product of Cjj alcohol with 5 moles of
ethylene oxide, the condensation product of Cj3.13 alco-
hol with 3 moles of ethylene oxide, and the same con-
densation product which is stripped so as to remove
lower and nonethoxylated fractions, the condensation

product of Cjz.13 alcohol with 6.5 moles of ethylene

oxide, the condensation product of Cj3.13alcohol with 9
moles of ethylene oxide, the condensation product of
C14-15 alcohol with 3 moles of ethylene oxide, the con-
densation product of Cis4.15 alcohol with 4 moles of
ethylene oxide, the condensation product of Cj4.15 alco-
hol with 7 moles of ethylene oxide, the condensation
product of Ci4.15 alcohol with 9 moles of ethylene ox-
ide, and mixtures thereof.
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36. A composition according to claim 34 wherein, in
the cationic surfactant, R! is a tallowalky! group, the
- nonionic surfactant 1s selected from the group consist-
ing of the condensation product of Cj-Ci3 alcohol
with 5 to 7 moles of ethylene oxide, the condensation
product of C14-C;5 alcohol with 5 to 8 moles of ethyl-
ene oxide, and mixtures thereof, and the ratio of non-
- 1onic surfactant to cationic surfactant is from 5:1 to
about 1:1.

37. A composition according to claim 34 wherein, in
the cationic surfactant, R! is a tallowalkyl group, the
nonionic surfactant i1s selected from the group consist-
ing of the condensation product of Ci1>—-Ci3 alcohol

with 2 to 4 moles of ethylene oxide, the condensation

product of C14-Ci5 alcohol with 3 to 6 moles of ethyl-
~ ‘ene oxide, and mixtures thereof, and the nonionic:ca-

tionic ratio 1s from 5:1 to about 3:3. | |

38. A composition according to claim 34 wherein, in
the cationic surfactant, R! is a coconutalkyl group, the
nonionic surfactant 1s selected from the group consist-
ing of the condensation product of Ci2—-Cj3 alcohol
with 2 to 4 moles of ethylene oxide, the condensation
product of C14-Cjs alcohol with 3 to 6 moles of ethyl-
ene oxide, and mixtures thereof, and the nonionic:ca-
tionic surfactant ratio 1s from 35:1 to about 1:1.

- 39. A composition according to claim 34 wherein, in
the cationic surfactant, R! is a coconutalkyl group, the
nonionic surfactant is selected from the group consist-
ing of the condensation product of Ci4~Cys alcohol
‘with 3 to 8 moles of ethylene oxide, the condensation
product of C72-Ci3 alcohol with 5 to 7 moles of ethyl-
ene oxide, and mixtures thereof, and the nonionic:ca-
tionic surfactant ratio is from 35:1 to about 1:1.

- 40. A laundry detergent articlé which consists of a
water-insoluble substrate which releaseably carries an
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effective amount of the detergent composition of claim
4. | |

41. A process for laundering fabrics, especially useful
for the removal of particulate soils from fabrics, com-
prising the agitation of said fabrics in an agueous solu-
tion containing from about 0.01 to about 0.3% of the
detergent composition of claim 4.

42. A process according to claim 41 wherein the
concentration of the cationic surfactant in the aqueous
laundry solution is at least about 50 ppm.

43. A process according to claim 42 wherein the
concentration of the cationic surfactant in the aqueous
laundry solution 1s at least about 100 ppm.

44. A process according to claim 42 wherein the
aqueous laundry solution has a temperature of from
about 10° C. to about 50° C. |
- 45. A process according to claim 42 wherein the
nonionic and cationic surfactant mixture contained in
said detergent composition has a reduced cationic mon-
omer concentration of from about 0.008 to about 0.15.

46. A process according to claim 45 wherein the
nonionic and cationic surfactant contained in said deter-
gent composition has a reduced cationic monomer con-
centration of from about 0.01 to about 0.1. |

47. A process according to claim 42 wherein said
detergent composition has a ratio of nonionic surfactant

- to cationic surfactant of from 5:1 to about 5:3.
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48. A process according to claim 47 wherein L 1s
equal to 1 and Y has the formula |
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